A . A N N . R
ey / \ < . . . . 4 . i
“ ’ - N - ’ - h ’

S — DOCUSENT RESUME = "
;a-nv3;¥9 17 o S : - SE 035 926
B TLTL% . #ater Quality & Pollutant Source Monitoraing: Field
) : .and Laboratory Procedures. Training Manuaj.
INSTITUTION . Office of Water Progranm' Operatioas (EP A}, Cancinnati, .-
* ° Ohio. National Training and Operational Technology ~
" " .7 . Center. . . o ' . . <
* FEPORT NO . . - EPA-430/1-81-008 K \ |
RUB DATEQ Mar 81 S * . o |
NOTE ' 262p. - S . o . |
AVAILABLE FROM EPA Instructional Resources Center, 1200 Chaambers : 1 -
. | : Rd., 3rd Floor, Columbus, OH 43212 ($1.00 pius>$0.03 |
& + ' per page). L L -
Co . , ® |
"""EDRS PRICE MF01/PC11 Plus Postage. -~ - - C |
* DESCRIPTORS Biological.Sciences; Chemistry; *Field Studies; ’ ,
, A *Laboratory Procedures; *Measurement; Postsecoandary °
) | . Education; Sciencexﬁﬁucation; *Water Pollution;.Water
o i ' Resources ' ¥ . . . -
4 IDENTIPIERS Analytical Methods; Bacteriology; *Monitoring; *Water -
e _ Quality Water Sampling Standards S
. . ; - . .
ABSTRACT -~ . _ . * ) ) C :
C o . This training manual presents material on technigues .
and ipstrumentation used to develop data in field 'monitéring programs
"+ and related laboratory operations concerned with water quaiity and
PpoTlution loﬁ3i3§ahg.—wopics include: collection and handiing of
samples;, bacteriological, bioMbgical, and.chemical field and ,
laboratory methods; field .instrumentation; and floW measurements. The
manual is designed for persofnel ehgaged in programs concerned with
. monitoring the 'quality of surface waters. Chapters include reading
h.__marl:er:i.als,.la.ﬂaox:htory abtigities. and ‘reference materials. (CO)
~ 4 / . * \: P
§ : -
. o 3 'Y > P - -
e .- . .
L 2 ) - :
, 14 AS
" . . ~, ~ . .
& , ' - . —
o L) S
- ‘ I ¢
A ‘. 4 . .
: : . s
{ 'w . s s N
L AR ORI R KRR o R oo R R o S o oo oK K o R o o o Ak o oo R ok ok ok K
NI Reproductions supplied by EDRS are the best that can be made *
Tk from the original document. S

3ok 230 ok 3k ok e ok ook #*'*******************k**#******’k*****‘ﬂ********** 35 ok o e o o ok o o ok

Ve
/ <

) -

b - -
a . .

£
¥
-
-
F 3
>&k
i{;’}



FES

s

United States . National Training * EPA-430/1-81-008
Environmental Protection and Operational March 1981 '
. Agency - Technology Center . . ‘
' Cincinnati OH 45268 . N
" Viater ’ ’

Water Quality & -
Pollutant Source
“Monitoring: Field and -
Laboratory Procedures .- -

&

Training Manual .. .

!

US DEPARTMENT OF EDUCATION .
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORMATION .
CENTER (ERIC)
This document has been reproduced as
received from the petson or orgamzation
ongmating 1t N
Minor changes have been made to iImprove
reproduction quahty

¢
v

v

Ponts of view or dpinions stated m this docu

\ A
? .
P mentdo not necessanly represent official NIE
?
=~ positon or’policy
>
L] >
.
Y
.
’ Ay
) *
3 . ———
JOLE . . .
~ .
- : N :
{ ‘ .
2 ) e
: ’ ‘ . AN N ¥
v . .
-
. ) . .
f
. -
A .
. | ( - -
b - 4
N -
A - -
.




»

. EPA-430/1-81-008
- March 1981

-

. Water Quality & Pollutant Source Monitoring:
;o , Field and Laboratory Procedures
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3 . . - N

‘ . This course is designed for personnel engaged in-programs
%oncerned with monitoring the quality of srface waters. -« .
Intérdisciplinary needs and responsibilities in the accum-
. ulation and interpretation of data from field and laboratory
activitief are emphasized, SN

[

apply suitable methods, techniques, and instrumentation-
. used.in field sampling and measurements, and will be .
? familiar with basic laboratory techniques and procedures °
in the chemical, biological, and bacteriological areas. -
Advantsges and limitations of equipment, methods ‘and K d
techniques will be considered. .
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- FLOW MEASUREMENT

1 INTRODUCTION )

A" Flow measurements are among the .
more important datd collected df¥ing
a water quality survey. Such measure-
tients areTsed to interpret data varia-
" tions; calculate loadings, and expedite
survey-planning. If the analysis of
'survey data involves estimation of loads,
the accurate measurement of discharge .
‘assumes a level of importance equal to .
that of laboratory and analytical results.

ks .

. * In the following discussion, procedures
for measurement of stream flow and
‘waste discharge are described. Some
of these procedures are used in long-
~term, very detailed water quality and
supply studies; otlers are more suited

- to short-term pollution surveys.

B In accordance with.EPA policy, units in
this outline are expressed in the metric
system. The equivalent English system
units appear in parentheses fqllowing

/ ed ‘from the literature have been left in

* the form in which they were originally
given, Applicable conversion factors
‘appear in Section IV of this outline.

I PLANNING  °

A Station Locat1on

Four factors influence location of gauging
or, flow measurement stations:

1 Sdi;?'oﬁjectives.
2 Phy¥dical accessibility

’

.
o . A A

.3’ Characteristics of the stream bed
4 Hydrologic effects '

Survey objectwes represent the major
influence bn station location; depending

' upon.objectives, gauging stations may be
lqcated aboye and/or below confluences
ard outfalls: . .

Physical accesgibility determines the.:

éasg and cost of installation and main-
tenance of the station. ‘The characteristics’
of the stream bed may greatly influence

thé obtainable accuracy of measurement.
For instance, rocky bottoms greatly °
reduce the accuracy of current meters.
Sed}mentation in pools bekind céntrol

[Kclsaffgb.z 8l : '_ 7

ld

— the-metric-designation. Tables extract- _ apparent

structures may influence stage-discharge
relationships. Hydrologic variations in ,

stream flow may cause washout or bypass SN
of the gauging station. In the Southwest,

flash floods have been known to wash out '
or bypass gauging stations by assuming |
different chgnnels of flow.

B Methodology .

Choxce of a spec1f1c measurement pro-
cedure is dependent upon at least three
considerations:
1 The relation-between obtamable and
desxred aceuracy .

2 Overall cost of measurement
3 The quantity of flow-to be measured
Ideally, discharge measurements shokld , \

be reported to a specific degree of accuracy.
the gauging pubcedure greatly influences

‘this accuracy, The, influence of overall

cost on the gauging program is readily
Extensive, detailed studies are
usually characterized by high costsfor
automatic instrumentation and low personnel
cost; the opposite is-usually true for less
detailed Studies. The range, of flows to be
measured (within acceptable dccuracy) 18, |
of course, not known prior-to the survey. ‘ |
However. experienced personnel usually |
can make reasonable estimates ot expected

flows from visual observations and other

data,- and may recommend appropriate

gayging procedures. In this regard, e
experienced personilel . always should be )
consulted. - . * e

~
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~

Streams, Rivers, and'Open Channels
1 Current Meter - ’ '

The currént meter is a device for
measuring the velocity of a flowing body
of water. The stream cross section is
divided into a number of gmaller sections;
and the aver dge veldeity in-each sec'uon -
is determined. The discharge is then ™'
found by summing the products of area
and velocity of each section
2 Stage-discharge felationships
~
Large flows ysually are measured by
development of ‘and reference to a stage-
discharge curve; this procedure has long -

. been used by the U.. S. Geologdical Survey

Such gauging stations are composed of &

S —~ o,
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control structure located downstream of
the location of measurement and some
type of water level indicator which iden-
tifies the height of the water surface
above a previously determined datum.

Weirs

A weir may be defined as a dam or
impediment to flow, over which the’
discharge conforms to an equation.

The edge or top surface over which-the
liquid-flows is called the weir crest.
The sheet of liquid falling over the weir
is called the nappe. The difference in
elevation between the crest and the

- liqpid surface at a specified location,

.called standard weirs.

usually a point upstream, is called the
weir head. Head-discharge equations
based on precise installation require-
ments have been developed for each
typé of weir. Weirs so installed are
Equations for
non-standard installations or nnusual
types may be derived empirically.

Weirs are simple, reliable measure-
ment devices and have been 1nvestigated
extensively in controlled experiments.
They, are usually installed to obtain
continuous or semircontinuous records
of discharge. Limitations of weirs
include difficulty during installation,
potential siltation’in the weir pond,

and a relatively high head requirement,
0.12 - 0.61m (0.4 - 2,0 feet). Frequent
errors inweir installation include in-

sufficient attention to standard installation '

requirements and failure to assure com-

\pletely free discharge of the nappe.

a Standard suppressed rgctargjulé
- weir .

.

This type of weir is essentially a dam
placed across a channel. The height
of the crest is so controlled that con-
struction of the nappe in the vertical
direction is fully developed. Since
the ends of the weir are coincident
with the sides of the channel latéral
contraction is impossible. This weir
requires a channel of rectangular
. cross section, other special instal-
~ {lation conditions, and is rarely used
in plant survey work. It is more

commonly used to measure the dis-
charge of small streams.

.

—

-

-

3

¢ o

v

The stahdard equation for discharge.
of a suppressed rectangular weir

(Francis equation) 18: .

Q - 3.33LE%2 ¥
where
- Q = discharge, rr'13/sec (cfs)

L = length of the weir crest, meters (feet)

H = weir head, meters (feet)

The performance of this type of weir
has been experimentally investigated
more intensively than that of other
weirs. Atileast six forms of the dis-~
charge equation are commonly
employed. The standard suppressed
weir is sometimes used when data
must be unusually reliable.

Standard contracted rectangular weir

he .crest of this type of weir is

.[shaped like a rectangular notch

c

-

The sides and level edge of the crest
are so removed from the sides and
bottom of the channel that contraction
of the nappe is fully developed"m all
directions. This weir is ¢ommonly
used 1n both plant surveys and meas-
urement of stream discharge

. pTﬁe standard equation for discharge

of a contracted rectangular weir
(corrected Francis equation) is .

Q = 3.33(L-0. 22 -

where

Q = discharge, m3/se§ (cfs)
L = length of the level crest'edge,-
meters (feet) .
H = weir head, meters (fe§t)
0.2H = correction for end contractions
as proposed by Francis

éipguefti weir

T}}e Cipolletti weir is similar to the
contracted rectangular weir except
that the sides of the weir notch are
inclined outward at a slope of 1
horizontal to 4 vertical. Discharge
through a Cipolletti weir occurs as
though end contractions were absent
and the standard equation does not
include a corresponding factor for
correctior. -’

8 . .

P
¢
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2 : ' FLOW MEASUREMENTS

o ] The standard equation for discharge _
oLl of a 90° triangular weir (Cone
formula) is e

- .Q ='2. 49248

. H
-

.

‘where
s e .3, " -

Q = discharge, m"/sec (cfs)
.. H = weir head, meters (feet)

Creést height and head are measured
to and from the point of the notch,
regpectiyely.
e Accuracy and j;xstallation

- requirements

-

’ 3
Quotations of weir accuracy express
the difference in performance between

AN
~ ‘The standard equation for, discharge . two purportedly identical weirs and
‘ .o through a Cipolletti. weir, is- . do not include the effects of random . —
o 3/2 : . error in mgasurement of head, Weirs |
Q= +3, 367 LH v, installed dccording to the following ~
. 2 . . « specifications should qmeasure dis-
. ‘where * . o, ’ charge within + 5% of the values

’ observed when the previously cited
R > , ~standard equations were developed. ..
L = length of the level crest edge, . :

Q = discharge, 'm3/ sec (cfs)

.« - meters-(feet) . 1) The upstream face of the bulkhead .
) ¢ and/or weir plate shall be smooth, :
H = weir head, meters (feet) and in a vertical plane perpendicular

Co i o *to the axis of the channel.
- The discharge of a Cipolletti

-]

weir exceeds that of a auppressed - 2)* The crest edge shdll be level, shall
rectangular weir of equal crest. " have a square upstream corner,
. * lepgth by approximately 1 percent.’ and shall not exceed 2 mm,(0. 08 in)
.y L in thickness. If the weir plate i8
. d- Triangular weirs : - thicker than the prescribed crest Y
.- . , thickness the downstream corner
The crest of a triangular weir is - of the ¢rest shall Be relieved by a .
v shaped like a V-notch with sides: ' 45{‘ chamfer. )
equally inclined’ from the vertical, - - .
' . The central angle of the notch is 3) The pressure under the n%gpe
" normally 60 or 90 degrees. Since shall be atmospheric. maxi-
’ the ttiangular weir develops more . mum water surface in the down- & <
T head at a given discharge than does , stréam,channel shall be at least
. .. a rectangular shape, it is especially . 60 m (0 2 ft.) below the weir
¥ - uiseful for measurement of small or ‘crest, Vents shall be providdd at
v ./ varying flow. Itis preferred for the ends of standard suppressed '
discharges less than 28 L/sec weirs to admit air to the space C .
(1 cfs), is’as accurate as other 2 beneath the nappe. , , v
=, ghapes up to 280 L/sec (10 ofs), and .o : .

is commonly used in plant surveya.

*




4) The'approach channel shall be
straight and of uniform cross
section for a distance above the .
weir of 15 to 20 times the maximum
head,' or shall be so baffled that a-«
normal distribution of velocities

- exists in the flow-approaching the
crest and the water surface at the

oint of head measurement is free

\gf\i‘sturbances. The cross-
sectlonal drea of the approach
channel shall be at least 6 times
the maximum area of th® nappe at
the crest,

5) The height of the crest above the
bottom of the approach channel
shall be at least twice, and
preferably 3 times, the maximum
head and not less than, 0.3 m (1 foot,
For the standard suppressed weir
the crest height shall be 5 times
the maximum head. The height of
triangular weirs shall be measured
from the channel bottom to the
point of the notch,

. 6), There shall be a clearance of at
least 3. times the maximum head
. between the sides of the channel . _
d the intersection of the maximum
water Surface with the .sides of the
weir notch. .

7} Fox standard rectangular suppressed,

rectangular contracted, and’
Cipolletti weirs. the maximum head

shall not exceed 1/3 the.length of

the level crest edge. B
The head on the weir shall be taken
as thg difference in elevation
between the crest and the water
surface at a point upstream a .
distance of 4 toi110 times the

maximum head or a ‘minimum of
1. 8 m (B feet).

9) The head used to compute dis-
charge shall be the mean of &t *
least 10 separate measurements .
taken at equal intervals., The
head range of the measuring
device shall be 6 «~ 46 ¢cm (0.2 - 1,5 feet).

The capacities of weirs which conform
to these specifications are mdicated
in Table 1.
Parshall flurrte
The Parshall flume is an open constricted
channel in which the rate of flow is -
related to the upstream head or to the
dlfference between upstream\and down-
stream heads. It consists of an-
entrance section with converging ‘
vertical walls and level floor, a throat
section with parallel walls and flgor \
declinmg downstream, ‘and an exit
section with diverging walls and floor
inclining downstream, Plan and
sectional views are shown in Figure 3.
Advantages of the Parshall flume include
a low head requirement, dependable
accuracy, large capac1ty range, and
self cleaning capability. Its primary .
disadvantage is the high cost of.
fabrication; this cost may bg avoided

/by use of a prefabricated flume. Use
of prefabricated flumes during plant
surveys is becoming increasingly
popular, .

a Standard equations

The dimensions of Parshall flumes ,
are specified to insure agreement

-with standard equations, Table of
dimensions are available from
several-sources 3:4, For flumes

of15 em (6 inch) to 2,4.m (8 foot) throat
width the following standard equations
have been developed.

1) 15 em (8 mch) throat width
‘ Q = 2 06 H 1.58

2 . .
2) 23 em (9 inch) throat width

Q = 307, 1 1%

’
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. ‘ . TABLE ! DISCHARGE OF STANDARD WEIRS . -
< ~ :
Crest Length Contracted Rectangular* Suppressed Rccta'ngular‘ _ Cipolletti* 900 Triangular* | , R
(Feet) Welr . Weir h Weir Weir,
(discharge-ofs) (discharge-cfs) (discharge-cfs) (dischargescfs) - N
. 1 h
Max. Min, Max. Mia. Max, Min. Max. Min. -
1.0 T .90 .286 B3 .2908° .638 .30L e
. CLs 1,65 .435 ‘e L4417 1.9 ¢ 452 o
~ . -
. 2.0 3.34 . 584 3,65 .59% 3,69 . 602
2,5 5,87 . 132 6.30 .744 6,37 .753
. 3.0 9.32 .881 10:0 . 893 10,1 .903 ‘
3.5 13.8 1.02 14,8 1.04 ‘115,0 1.05 . .
) 4.0 18,1 1.18 *20. 4 l.¥9 20.6 1.20 o “.
. 4.5 . 25.6 1.33 27.5 v 1,34 ) 27.8 1,35 .
* Y \ 6.55 . 046 .
5.0 8.8 1.48 ~ " 30.6 149 30.9 1.51
6,0 34.9 1.8 36.17 {.79 37.1 1,81
1.0 41.0 2.07° 42,8 2.08 43.3 2,11
8.0 41,1 2.37 48.9 . .38 49.5 2.41
.
9.0 53,2 2.67 N 55.0 2,68 55.7 L2.71
10.0 59.3 2.97" 61.1 2.98. 0’2.0 301 \ s
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3) 0.3 - 2.4, m (1 to 8 foot) throat

width 0.026
& -
@ = 4WH 1,522W ]
. . a Ty :
. Wwhere

a

Q = free-flow discharge,
. defined as that condition
. which exists when the
elevation of the down-
stream water surface °
above the crest, H , does
not exceed a prescribed

percentage of the upstream .

depth above the crest, H
The prescribed percentage
' of submergence’is 60

ercent for 15 and 23 cm
?6 and 9 inch) flumes and
70 percent for 0,3 ~. 2,4 m\
(1 to 8) foot flumes
7. /'W =
‘Ha = hpsix:eam head above the
flume crest, meters (feet)

LN ( .

throat width, me"‘ters (feet)

°

water surface has already begun
to’decline. - Table 2 indicates the -
total head requﬁ'ements of standard .
‘Parshall flumes These losses -
* should be added to the normal’. '
channeladepth to determine the™

' elevation of the water surface at

% the flume entrance. No head

losses are indicated f@ discharge-
throat width combinatf®ns for which
H, is less than 6 cm (0,2 ft, ) or \\
greater than 2/ 3 the.sidewall depth

in the convérging section. 'L ‘

c. Accﬁragy and installation require
‘ments ’ )
. *
AY -
A Parshall flume will measure
discharge within + 5% of the

standard value if the following

e, conditions are observed. .
. N z .

. 1) The dimensiéns of the flume
.. ghall conform to standard
sp%ciﬁtations . -

3

P 4 \‘ 2) The downstream head, , shall
b Head loss - o ot exceed. the recommglbded .
. . - g head,’
. The head required by @ Parshall e , _%ercentage Of: h? u;}strearr’l S
"flume is greafer than (H - H ) . , a’ ~ 4 .
because H, is_jneasureds'at apoint/° - - - - . . . .
in the converélng section where the = ' - e . ,
%
v TABLE 2 HEAD LOSS'IN STANDARD PARSHALL FLUMES o,
’ o, UNDER FRE,E DISCHARGE el - )
= Discharge - Head Loss, Feet, in Flume of Indicated Width
(cfs)’ . ° 2
. 1foot [2feet |3 feet | 4feet |5 feet . |6 feet
t
0.5 .08 - _ Rl
9 \ ,
1.0 < .14 .+09 .06 - )
2.5 | .26 - | .18 ] .12 .10 .08 | .07
-+ Y = .
5.0 .42 .27 .20 .16 | .13 12
10.0 70 (4545 .34 .27 .22 {7,109
.70 | .56 .47 .40
7 - .68 .57
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. - Flow Measurement
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3) .The upstream head shall be tracer material during its passage past
) ‘mieastred in a stilling well the sampling pcsint, and At = the total
. connected to the flume by a pipe time of the sampling period.
. . approxin)ately 3.8 cm (1} inches) Disadvantages of tracer methods include
’ in diameter. . incomplete mixing, natural adsorption
N * ) and interference, and high equipment-
4) The flpyme shall be installe:iﬂ)dz . costs.. , )
. ¢ - straight channel with the cefiterline ¢ -
- of the flume parallel to the direction . 68 Floats
LA of flow. ’ N
- Floats may be-used to estimate the time
- 5) The flum#é shall b so chosen, - of travel between two points a known
] installed, or bafflg that a normal distance apart. The velocity so obtained
distribution of velocities exists at ‘may ultiplied by 0. 85 to give the
the flume entrance, ' -+ average valocity in the vertical.
: ’ *Knowing the mean velocity and the area
5 ,Tracer materials of the flowing s‘tream, the discharge - _
' may be estimated.” Floats should be
Techniques, materials, and instruments employed only when other methods are
are presently being refined to permit unpract&al
accurate measurement of instantaneous .
er steady flow with several tracer B Pipes and Conduits h
<L materials. Measurements are made by . -
' one of two methods: . \ 61 Weirs and Parshg.llflumes
N . " : . ) -
: a._ Con*tinuous addition of tracer - - »  Weirs and Parshall flumes are commonly

b_.Slug injection . . B

. With'the first met‘h‘ﬁdf tracer is injected
into a stream at a continuous and unif m
. * rate; with the seqond a single dose of
. - tracér material is added Both methods
depend onwgood transverse mixing and
. uniform diSpersion throughout a stream,.
Thé concentration of tracer Mnaterial ig
.. measured downstream from the point
of addition. ‘When continuous addition -
is ‘employed, flow rates are cilctlated

from the tion, - \\
= R

(Q+q)c
B

- © . -inwhich q = rate of tra¥®r addition to
. © “the stream at concentration, C Q=
stream flow rate, and c = the resulting
. concentration of the:stream flow com-
bined'with the tracer. For the slug
injection method -

-

Y

S
c At
‘in which .Q = the stream discharge,
S.-& the quantity of tracer added, c =
the weighted average concentration’of

Q.

L

.

installed in manholes and junction boxes
ahd at outfalls to measure flow in pipes.
Al c:%gns' required for measurement
of op annel flow must be observed.

-

2 Tracer materials

These methods are popular for
measurement of pipe flow because
they -do not require installation of
equipment o¥ modification of the flow.

N These are especially convenient for
measurement of ‘exfiltration and
infiltration,

3 Depth-slope ‘

. bl

If the.depth of the flowing stream and .
! the slope of the dewer invert are known,
-the discharge may be computed by °
means of any one of several formulas,

.
.

a’'Manning formula

1.486 486

Q- 203612 -

AR
¢ _ e
where . .

N S
Q= discharge, m

-

3[sec (cfs) :



" FLOW MEASUREMENT ' . .
¥ d i
- . %
n = roughness coefficient 2 Staff gauge N
. : 2 - A ¥ : 3 *
A = area of flow, m" (sq. ft.) The staff gauge is merely a, graduated
’ C scale placed in the water so that eleva-’
. R = hydraulic radius .~ tion mby b{ read directly, .= i
’ ‘s area divided by wetted perimeter, 3 Plumb line - T ’f ’ /,:' fad
’ m (ft). . - . S
s ’ -
S = slope This method involves measurexﬁént

5 tion from a fixed point._

b Chezy formula

Q = ‘CA\/RS

where

discharge, mslsec (cfs)

o
"

= friction coefficient

area of flow, mz.(sq. ft,)

= hydraulic radius-, m (ft.)
area‘ciivide‘d by wetted perimeter

S = slope

C Head Measuring Devices

Several of the above gauging methods re-
quire the measurement of water level i
order that discharge may be determined.
Any device used for this purpose must be
referenced to some zero elevation. For
example, the zero elevation for weir
measurements is the elevation of the weir
crest. The chpice of method is dependent
upon the degree of accu?acy and the type
of record desired. .

1 Hook gauge

The hook gauge measures water eleva-
The hook is .
dropped below the water surface and
then raised until the point of the hook
just breaks the surface. This method.
¥ probably will give-the most precise
results when properly applied,
v '

'

the distance from a fixed refere /l , -
point to the water surface, by dro; pmg !
a plumb line until it just touches /the

. water surface. ‘

4 Water level recorder

,.Thns instrument is used when a contmu-
ous record of water level.is desired, A .
float and counterweight are connected:

‘by a steel tape which passes over a
pulley. The float should be placed 1n

a stilling well, A change in water level
causes the pulley to rotate which, through.
a gearing system, moves’a pen. Thepen
traces water level on a chapt which is °
attached to a drum that is rotated by a
clock mechanism. When properly in-
stalled'and maintained, the water level
recorder will provide an accurate,
"centinuous Tecord.

.

IV  Units of Expression

A Volume . 7

Preferred metric units are the ot
cubic meter (m3) or the liter (L).
Commonly-used British units are

the gallon (gal.) and‘the cubic foot - -

(cu, ft., sec-ft.). Conversion

factors appear below: ’

Multiply e by “—s TO Obtain

~

3 ,
m 1000 L~
gl 3,79 L .

cu. ft. 28, 32 L

. gal
To Obtain "’.EL‘— Divide

0.134 cu. ft. )

b3l

DY
4



B Length
Preferred metric units are the
meter (m), centimeter (cm), and
. .millimeter (mm)., Commonly-used
‘e . British units are the foot (ft.) and
the inc¢h (in. ). Conversion factors
appear below . ’
. -ﬁ,

1 meter = 100=cm = 1000 fam

1 foot

Y

' " 1meter.= 3,28 ft. °
C Flow, Flow Rate, Dischaige

. All of these terms are commonly
‘used to refer to the volume of liquid
passing a point in a selected time
interval., Flow is often expressed

in these units. :
Metric British
" m3/ sec Gallons per minute (GPM)
. L/sec Million gallons per day
. , (MGD)
. ' Cubic feet per second
< {cfs, sec~ft) -

Conversion factors are: .

' )

Maltiply —— by s—s To Obtain

m?®/gec 1000 L/sec
GPM 0.063 L/sec )
MGD 43.82. . "Lisec
cfs 28, 32 &,,IL/ sec

° To Obtain =— by < Diyide

s -

in a liquid flow can be‘calculated
using the following equations.

Kg/day MGD x mg/L x:3.79

' - L/secxmg/LxB 64x10

~ )
N .

N Weights of cohdﬁtuents beirig carried

= 0,3048 meters <

.
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I INTRODUCTION
- :

A Objective of Sampling

1

Water quality characteristics are not
uniform from one body of water to
another, from pldce fo place in a.

glven body of water, or even from time
to time at a fixed location in a given.

body of water. A sampling program

. should recognize such variations and

provide a basis for 1nterpretation of
their effects. :

The purpose of collection of samples is
the accumulation of data which can be”
used to interpret the quality or condition
of the water under investigation. Ideally,
the sampling program should be 80 de-
signed that a statistical confidence

+ limit may be associated with each =

.4
be established in accordance with princi-
ples which will permit valid interpre-
tation. .
a The collection. hand]ing, and testing
of each sample should be- scheduled
and conducted in such a manner as
to assure that the results will be
truly representative of the saarces
. of the individual samples at the time
and place of collecHon; -
% o
b The locations of sampling stations™
and the schedule of -sample. collections -
for the total sampling program should
- 4 o :
WPO SUR. sgo ldl 2 81 -

element of dgta.

Water quality surveys are undertaken
for aéreat variety of reasons. The
overall objectives of each survey greatly
influence the location of sampling .
stations, sample type, scheduling of
sample collections,” and other factors.
This influence should always be{:ept in
mind during planning of the survey.

The sampling and testing pro'gram should

. . . . . X ‘.:

~

: SAMPLING IN WATER QUALITY STUDIES

be established in° such a manner that .
" the stated investigational objectives
will be met; and

¢ Sampling should be sufficiently
repetitive over a period of time to
provide valid data about the condition
or qua.lity of the water.

B Sample Variations

N

?

. e
Interpretation of survey data is based on
recognition that variations will occur in
results from individual samples. While
it is heyond the 8cope of this discussion °
to consider the implications of each in
detail, the following can be identified as
actors producing variations in data and
should be considered in planning the
gampling program,

1 Apparent Variations

a Variations of a statistical nature,
due to colléction of samples from
the whole body of water, as con-
trasted with examination of all the
-water in the system.

b Variations due to inherent precision
of the analytical procedures.

c Apparent variations are usually
amenable to statistical analysis.

2 *True Differences

a Variafions of a cyclic nature

'Diurnal variations, -related to alter-
nating periods of sunlight and
darkness. .

Diurnal variations related to waste
discharges from communities.

_— 21
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‘34 ‘ h . ‘“nﬂ

Y

Seasonal variations; related to
temperature and its sulzseqhent
effectd on chemical and, bic ogical
processes and‘ interrelatio: hips.

Variations due to tidai influenpes,

in coastal and estuarine _waters.,
N . J

b Intermittent variations Ut ’

Dilution py‘r:;:mfau ax;d runoff,’

Effects of irregular of intermittent
discharges of wastewater, -such as
"slugs" of industrial wastes.
Irregular releéase of water fx"ocm_“
impoundments, as from power
plants.

c Continuing changes in water quality
N v %,

Effects downstream from points.of .
continudus release of wastewater.

Effects of confluence with other
bod.ies of water.

Effects of passage of the water
through or over geological forma-
tions of such chemical or physical

nature as o alter the characteristics_

of the water.

~ Continuing interactions of biological,
physical, and chemical factors in
the water, such as in the process of
natural self-purification following °*
introduction of organic contammants
m a body of water.

K}

LOCATION OF SAMPLING STAT]ONS

The Influence of Survey Objectives

Much of the sampling design will be
governed by the stated purpose of the
water investigation. As an example of '
how different objectives might influence
sampling design, consider a watercourse
with points A and B located as indicated

_in Figure 1, ) . e

-

%

A
a d‘ B
flow :
Figure 1

Point A can be the point of discharge of
wastes from Community A. Point B can
be any of several things, ‘such as an'intake
of water treatment plant supplying Com-
munity B, or it might be thé place where
the river crosses a political boundary, or
it may be the place where the water is
subject to some legitimate use, such as,
for fisheries or for recreational use.
1 Assume that the objective of a water
quality investigation is to determine
whether designated standards of water
quility are miet at a water plant intake
at Point B. In this caseé, .the objective
only is copcerned with the quality of the
water as it 1s available at Point B
Sampling will be conducted only at
Point B.

2 Alternatély, consider that there is a
recognized unsatisfactory water quality
at Point B, and it is alleged that’%\
is due to discharges of inadequately
treated wastes, originating at Point A.
Assume that the charge is to investigate
this allegation. '

In this case the selected samplh@sites
will include at least three élements:
~
" .
At least one sampling site will be
cated upstream from Point A,. to
establish base levels of water quality,
. and to check the possibility that the’ )
observed conditions actually originated
. dt some point upstream from Point A.

b A site.or sites must be located down-
stream from Point' A. Such 4 site
should be downstream a sufficfent
distance fo permit adequate mixing in
the receiving water.

¢ Sampling-would be necessary at Point
B in order to demonstrate that the .
water quality is in fact impaired, and
that the Pairment is due to inftuences
tracedfrom Point A.

17 :
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Sam;iling intWater Quality Studies .
_ B Hydraulic Factors -+ ¢ . used in stream surveys. .This
. usually is near the sarface of the ’
1 Flow rate and direction R - water, in the main channel of fldw.
a In a survey of an e,xtended body of - b In some streams: mixing does, not’
water it is necessary to determine occur quickly, and introduced water
the rate and direction of water move- moves downstream for considerable
ment influences selection of sam- distances below the point of-conc
pling sites, Many workers plan fluence with the main streams:

. sampling stations representing not’ Example- Susquehanna River at
less than the«distance water flows . ) Harrisburg, where 3 such streams
in a 24~ hour period. Thus, in . are recognizable in the main river,
Figure 1, intervem.ng sampling . Preliminary survey operations
stations would be selected at points .ot should identify such situations.
representing the distance water - .
would flow in about 24 hours. -- When necessary, collect separate

T . . ) samples at two or more, points
b, In a lak& or impoundment direction | across the body of water

. -7 of flow is the major problem influenc-

: <. ing selection of sampling statibns. ¢ pimilarly, vertical mixing may not
Frequently it is necessary to estab- " (be rapid. This is noted particularly
lish some sort of grid network of : in tidal estuaries, where 1t may be
stations in the vicinity of the sus- necessary to make collections both
pécted sources of pollution. | from near the bottom and near the

- : surface of the water.
‘¢ 'In a tidal estuary, the _escillating . . .
nature of water movement will re- ) d Collection of multiple samples from
quire establishment of sampling . a station requires close coordination
stations in both directions frops : with the laboratory, in terms of the

numiber of samples that can be

suspected sources of pdllution.
amined. ‘Some types of samples

. - .
N r - .

«# 2 Introduction of other Water .

I3

st be reached separately for each
ype d¢f sample.

« a In situations in which a strelgnf‘being

: studied is joined by afjother stream

of significant sizé and character,

-\ sampling stations will be-located
immediately above the extraneous
stream, in the extraneous stream
above its point of juncture with-the
main stream, and in the main
stream below_the point of juncturg.

es of Analytical Procedure

Samples collected for physical, chenii-
. cal, and\bacterlological tests and
measu.rements may be collected from
the sarne series of samplmg stations.

2 .Sampling stations selected for biological

Y| Similar stations will be needed witl (ecological) investigation require

~ respect to other water disc 8, selection of-a series of similar aquatic
. " guch as from industrial o . habitats (a series of riffle areas, ora
- - || other communities, or ofhey’instal- series of pool areas, or both), The?® '
lations in which water troduced sites used by the aguatic. biologist may

or may not be compatible*with those
' used for the rest of the survey. -Accord-

into the main stream

3 Mixing ingly, in a given stream survey,. t!}e
' stations used by the aquatic biologist

R a Wherever possﬂ,le one sampling , Qsually are some what different from the
Lo ) point at a sa;nple collection site is . stations used for other examinatirns,

.
- R N . -
- - .

be composited. The decision ‘i‘

\-.|'
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D Access to Sampling ‘Stations ? 2 In an extended survey there is a ten- .
- ' { . dency to-collect samples from each
For practical reasons, the sampling site . site at not more than’ daily intervals,’
should be easily reached by automobile if or even longer. In such cases the .
a stream survey, or by boat if the’ survey ) hour of the day ghould be varied through
is on a large body of water. Highway the entire program, in order that the
bridges are particularly useful, if the final gurvey show cyclic or intermittent
. sample colector can operate in safety. f variations if they exist.
- ;
. 3 In addition, sampling in tidal waters
III FACTORS IN SCHEDULING OF SAMPLING - requires consideration of tidal flows.
PROGRAMS If samples are collected but onee daily,
. ° many workers prefer, to make the col-
A Survey Objectives - lections at low slack tide. ¢

B Time of Year ' . 4 In long-term or any other survey in
' which only once-daily samples are.
1 In short-term water quality ‘investiga- collected, it is desirable to have an .
‘tigns, particularly in pollution occasional period of around-the-clock
. investigations, there often is need to samplings -
- demonstrate the extremes .of pollution-
-+~ effects on the aquatic enyironment.
For this reason, many sﬁrt-term - IV SAMPLE COLLECTIQN

surveys are conducted during the
warmer season of the year, at such
- times as the water flow rate and
volume is at a minimum and there is
mmunum likelihood of extet-s;,ve
ramfall

A Types of Samples .
1 "Grab' sample - a grab sample 1s usually
a manually collected single portion of the
wastewater or stream water. An analysis
. . of a grab sample shows the concentration

2 iIna long-term iﬁvestigation, sampling’ ct’}feu;ea;:rlit:::in::k: the water ——;——-—at the time

typically is conducted at all seasons . - e N
. of the year. . ‘ N

"Continuous’’ sample - when several points
are to be sampled at frequent intervals or
° . when a continuous record of quality ata
given sampling station is required, an
automatic or continuous sampler ma.y be
employed.

L4
, C Daily Schedules -
<
As shown in an introductory paragraph,
. *water quality is subject to numerous
- cyclic or intermittent variations. Sched-

- uling of sample collections should be de- . a Some tomatic samplers collect a W

signed to-reveal su(fx variations. - T given volume of-sample at definite time
- - intervals, this is satisfactory when the.
*1 In shortsterm surveys it is common . volume of flow is constant.

practice to colIect samples from each
sampling site at stated inteplals&through - b Other automatic samplers take samples
the 24-hour day, continuing the program at variable rates in proportion to chang-
for 1 - 3'weeks. Sampling at 3-hour - ing rates of flow. This type of*sampl

' intervals is preferred by many workers, - requires gsome type of flow measuria
though practical considerations may re~ . ‘device. 3 .

quire extension to 4~ or even 6-hour
intervals. L i
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-3 '"Compos1te sample - & composite 2 $Automatic samplifig-eduipment
sample is the'collection and mixing -~ ‘
together of various individual samples ' Automatic sampling equipment has
based upon thé ratio of the volume of several important advantages over

i . flow atthe timé the individual samples manual me ods. Prgbably the most
. were taken to the total cumulative - im cons1de is the reduction
’ volunie of flow. The desired composite 1n personnel require ts resultmg
period will dictate the magnitude of the from the use of this ipment.

also allows more frequent samplmg
than is practical manually, and elimi-
nates many of the human errors in-

cumulative volume of flow. The more
. frequently the samples are collected,
‘ the more representative will be thé

composite sample to the actual situa- . herent in manual samphng ’
tion. Composite samples may. be )
obtained by: . ! Automatic samplmg equ1pment has

) some disadvantages. Probably the
a Manual sampling and volume of flow most important of these is the tendency
determination made when each sam- of many automatic devices to become:
ple is taken. ¢loggéd w'.en liquids high in Yollds are
3 . ) " being sampled. In using automat
b Constant aptomatlc sampling (equal 4 sar.nplers, saropling points are ‘ixeds
volumes of sample take)f eacg:h time) which results in a certain loss "of

with flow determinations made as mobility as compared to manual
methods.

each sample is taken. ‘ ' o
Automatie sampling equipment should
not be used indiscriminately; some types
.. ‘of samples ¢ notably bacteriologital
biological, and DO samples - sho ld
not’be composited, In cases of .doubt,’
.* the appropriate a.nalyst should be
* consulted -

¢ Automafic samplmg which takes -
samples at pre-determined time
intervals and the volume of sample
taken is proportional to the volume °
of floy at any given time.

B Type of Sampling Equipment . .
V  SOME CONSIDERATIONS IN SAMPLING

1 Manual samplmg e R — OPERATIONS
a fquxpment is specially designed . _All procedures it -care-and handling of sampies
or collection of samples from the between eollection and the performance of l

bottom mugs, at various depths, observations and testsare directed toward
g“ at water surfaces. Special . maintaining the ‘reliability of the sample as an
esigns are related to protection of #indication of the characteristics of the sample

& sample integrity in termg of the . "source.
water characteristic or component ‘ . S
being measured. rL A Sample Quantity T .

b For detaﬂs of typical sampling equip- ’ 1 Samples for a series off)c}‘xemical

ment used in water quality surveys.

analyses require determination of the
see outlmes dealing with biological,

total sample volume required for all *

. bacteriological, and’ chemical tests " the tests, and should include enough
in this manyal, sample in addition to provide a safety
‘e Manual samﬂling equipment has ‘ factor for laborator:y errors or acci-
very-broad application in field work, . dents, Many workérs collect dbout
" ‘as great mobility of operation is LT twice thé amount of sample actually

possible, at lower cost than may b required for the chemical tests. As
nossible’with automatsiE: samplin}é' c, - - a rule of thumb, this is on the ordet
eqUipment ) or-2 litegs.- . - K v

e L0

»

. . .
[Arur o rovisogo e - . , ) .
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2 Baeteriological samples, in"general,
are collected in 250 - 300 ‘ml sterile
T bottles; approximately 150 - 200 m} of

Bamples is adequate in practically. all
“cases, o o

B Sample Identification ' :

1 Sample identification must be main-
tained throughout any survey. It is
vital, therefore, that adequate records
be made of all information rela.tive to
the source of the sample and conditions

under which the. collection‘was made.
All infermation must be clearly under-
standable and legible.
» )
2. Every sample should be identified by
means of a tag or bottle marking, -
firmly affixed to the sample bottle.
Any written material should be with_
1ndelib1e rrytrkir/g material.",

3 Mirdimum information on the Zsample "
- label should include identification of

. the sample site, date and time of col--
lection, and. identification of the
1ndiv1dua1 colleciing the sample.

4 Supplemental 1dent1f1cahon of samples
s strongly recommended, through
maintenance of a sample colledtion
logbook. If not indluded on the samdble
tag (some prefer to duplicate such’infor-
mation) the logbook can show not only
the sample site and date and hour of
o G collection, but also the resulis of any’
¢ % tests mjade on sgite (N’ch as temperature,
.+ pH, dissolved oxygen)!"'*”’ln addition, the
' logbook should provide for notation of
any unusual observations made at the
sampling site, such as rainfall,
tion and strength of unusual winds) or
evidence of disturbance of the collection
site ‘by human or other animal-activity..
*

C Care and Handling of éamples -

1 Asa gene%l policy, all observatiéns
= and tests should be'made as soop as .
"' possible after sample colIection, - .

.

1

d§rec-—. .

-

) . . . .

.a Some ‘measurements require perfor-
mance ‘at the sampling site, suych as
temperature, pH, dissolved oxygen,
chlorine, fl& rate, etc. .

. .

b Some tests are best made at the
sampling site because the procedures
are simple, rapid, and of acceptable
accuracy. These may include such

.determinations as_conduectivity.

¢ Some additional detéerminations, such
as alkalinity, hardness, and turbidity
may be made in the field, provided
_ that ease, convenj.ence and reliability
results are acceptable for the pur-
poses of the study

2 Samples to be analyzed in the laboratory
require gpecial protection to assure that
the quality mdasured in the sample repre-
sents the condition of the source Many
sa.mples, especially those subjected to
biological analygis, require special pre-
servation, protection, and handlidg pro-
cedures, In case of doubt, the appropriaté
_analyst should be”consulted. :Most com-
mon procedures for. sample protectwn

include: , .  .* - ,
a Examiqation withhi briéf time after- .
,  collection.” o
- ) . ‘ - T 9.

b Temperature contro.
. - . .
¢ Protection from light. - e

d Additiotl of preserwﬁtive chemicals.
- Pl

) Applicatmns of-thesé sample pmtective -t “:, .

procedures are along the following

yesz o= v )
LY . i
3 Early examination‘ot sample ) '

‘.

- Applicable to all types of samples ) ~

»

-

4 Tem}erature control

a All biologlcal materialg.for examina- .
tion in a lving stdte should be iced
between collection and examination,

Py
&



£%

Y
i

Sampling in Water Quality Studies

v

( b* Samples for biological examination _
should be protected by chemical

iced during -4 maxirhum transport ‘
time of 6 hours. Such samples should . v " additives only under speci.fic
be refrigerated upon receipt in the o direction of the principal biologist -

laboratory and processed within 2 hours, . = ina water quality study. -

¢ Chemical samples often require o ¢ For chemical teﬁfs, preservatives -
. icing » . . are useful?o a number of water
s _ %° . ) componerits. Specific instructions
Preservation by refrigeration at 4°C for the preservation of a number of
is recommended for acidity, alkalinity, - *"  chemical constituents are given m
’ BOD, color, sulfaté, threshold odor, . " reference (4), - ..
and other samples, Holding times vary . ' )
Quick freezing will permit retention |, '
- of many samples for up to several . Y,
months prior to laboratory examina- .- ' . ’
tion, : » . ‘
“ s . ¥ . ! i
5. ‘Protection from light ’ T ¥ . .
LS . . e s :
. ¢ a Any constituent of water which may - . , T
.. ) be influenced by physiochemical . ' - S ’ .
. reactions involving light should be A . -
> . protected, DO samplesfbrought to . ‘ e bl
the iodine stage, .for example, should . .
** be protected from light prior to ! .
*, titration. . — ' . . e
T : ' o ' L ) 4 . C
. b In addition, any water constituent ) 0 ., . . /
v (such as dissolved oxygen) which : ° I
may be influenced by algal activity - . .

° . LT . -

° should be protected from light, . s Ty

an

\6 Addition of chemical preservatives ' é . R - e
v . .

s . N8 Bacteriological samples hever
should be "protected" by addition ' .
of preservative agepts. The only : )
. permissfble chemfcal additive is '
sodium thiosulfate,‘which is used
to neutralize free residual chlorine, .
- if present, and which is added to the - . e
aampling bottle before sterilization, : : oL : »-

-

‘t .
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Standard Methods for the Examination

of Water and Wastewater. . APHA. ,
14th Ed. 1975, p

; N
Planning and Making Industrial Waste
Surveys. Ohio River Valley Water
Sanitation 'Commiqsiou.

"Industry's Idea Clinic.. Journal of the
Water Pollutiori Control Federation
April. 1965. N . ‘

Methods for Chémical Analysis of Water
and Wastes, 1979, USEPA,
Environméntal Monitoring and Support
Laboratory, Ci.nclnnati,; Ohio.
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-
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I PLANNING A SAMPLING PROGRAM _~,

A i“act'ors to Consider:
. - < .
1 Locating sampling sites

2 Sampling'“e”ipment
S'ﬁType of sample rel;uired
3 grab )
b composite
L} ’
L 4 Amount of samble req{xired J
A

+5 Frequency of coT.lection ) I
6 Preservation measures, if any

B Decisi;e Criteria

1 Nature of the.sampld soulce

2 Stability of constituent

3 Ultimete‘qee of data

O REPRE SENTATIVE SAMPLES .

4 If. a sample is to provide meani.ngful and
valid data about the parent population, it
) must be representatiye of the conditions’
‘existing in that parent source at the
\ _ sampling location. e

A The container should be rinsed two or + °
three times with the water to be collected

- B Compositing Samples

1 For some sources, a composite of
samples is' made which will represent
the average situation for stable: E
constituents. ,
.2 'The:mature of the constituent to be
determined may. require a series of h
. ~ Separate samples. =

.
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be measured
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C The equipment used to collect the sample
. is an important factor to consider

ASTM{1) hag a detailed section on various
sampling devices and techniques.

Great care must be exercised when .
collecting samples in sludge or mud areas
and near benthic deposits. No definite
procedure can be given, but careful

effort should be made to obtain a rep- " o
resentative sample.

SAMPLE IDENTIFICATION * .

Each sample must be unrpistakably y
identified, preferably with a tag or label.
The required information should be planned
in advance.

An information form preprinted on the
tags or labels provides uniformity of
sample records, assists the sampler, and
helps ensure that vital information will
not be omitted.

\

Useful Identigication Infdr;nat}on includes:

sample identity code
signature of sampler
signature of witness
description of sampling location de-
tailed enough to accommodate repro-
ducible sampling. (It may be more
convenient to record the details in the
field record book)., .
5 sampling\equipment used - ~
6 date of collection
. T time of collection

8 type of sample (grab or comesite)

9

0
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water temperature

sampling conditions such as weather, -
water level, flow rate of gource, etc.
any preservative additions, or techniques
record of any determinations done: ;din -
the field

type of analyses to be done in’ laboratory

,-




£

LYY N

Sample Handling - Field Through Laboratory:

0 ~
r

IV SAMPLE CONTAINERS

A Available Materials
[

1 glass Yo .
2 plastic
3 hard rubber

B. Considerations

1 Nature of the sample - Organics
attack polyethylene, :

’ —_— N

2 Nature of mﬂtuent(:s) to be determined.

- Cations can adsorb readily oh:some
plastics and on cegtain glassware.

- Metal or aluminum fofl cap liners can
interfere with metal analyses.

3 Preservatives to be used - Mineral
acids attack some plastics,

"‘ A /
Mailing Requifements - Containerc
should be large enough.to allow extra
volume for effeets of temperature
changes during transit. All caps .
should be securely in place. Glass
containers must be protected against
breakage. yrofoam linings are -
useful for protecting glassware,
o .

C Preliminary Check

Any question of poss1b1e i.nterferences
related to the sample qontamer should
be resolved before the study begins. A
preliminary check should be made using
corresponding sample materials, con-
taipers, preservatives and analysgs. .

D Cleaning R
If new containers are to be uded, prelim-
inary cleaning is usually not necessary.

If the sample’ containers have been used
previously, they should be carefully
cleaned before use.

There are several cleaning methods
dvailable. Choosing the best method in-
volves careful consideration of the nature
~ - of the sample and of the constituent(s) to
~~ '+ . be determined. . ) .

’

.
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1 Phosphate detergents should not not be
used to clean containers for pho phosphorus
samples.

\

| 2 Traces of dichromate cleaning solution

E

) produce

&

wfl,l'tnterfere with metal analyses,

-

Storage

. .
Sample containers should be stored and
transported in a manner to assure their
readiness for use,

- y \
. . ) ‘ 3
SAMPLE PRESI/SRVATION < ,,é;:,

Every effort should be made to achieve:-
the short possible Iterval between
sample ¢ollection and analyses. If thére
must be\a deldy and it is long enough to
ificant changes in the sample,
preservation’measures are required.

At best, however, preservation efforts
can only retard changes.that inevitably
continue after the sample is removed
from the parent population, - ¢

Functions
b

.

- Methods of preservation s.re relatively

limited. The primary functions of those
employed are:

1 to retard biological action

2 to retard precipitation or the hydrolysis

- of chemical compounds and complexes
3 to reduce volatility of constituents

General Methods

1 RH control - This affects precipitation

etals salt formation and can
inhibit bacterial action.
. 7-
2 Chemical Addition - The choice of .
chemical depends on the change to,be
controlled. °*

.

Mercuric chloride is commonly used
as a’bacterial inhibitor. Disposal of

- the mercury-containing samples is a
problem and efforts to find a substitute
for‘this toxicant are underway.

. .
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- The EPA Methods Manual

- To dispose of solutions of ingrganic
mercury salts, a recommended
procedure is to capture and retain the
mercury salts ag the sulfide at a high *
(PH. Several Nrms have tentatively

greed to accept the mercury sulfide for

-processing after préliminary con-

L ditions are met. 'S

3 Refrigeration and Freezing - This-i&
the best, pregefvation technique avail-,
ke able, but ituis not applicable to all
types of samples It-is:not’always a

practical technique for field operations.
. .

C Specific Methods

(2) includes a
table summarizmg the holding times and
preservation techmques for several
,ana.lytical[procedures. This information
-also can be found in the standard refer-
ences (152, 3) a5 part of the presentation
of the mdivxdual procedures.

»

Federal Register Methods ' 2

When collecting samples to be analyzed .

for National Pollutant Discharge Elimi-
nation System or State Certification
report purposes, one must consult the
appropriate Federal Register (5) for
information about sample handling pro-
cedures. When collecting samples to |,

contaminant levels in drinking water,
consult the EPA Report( ) which includes
this¥information. o

° ’ )
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METHoﬁ's OF.ANALYSIS

-~

Standard refeTence books of andjytical .
pnoeedures to determine the physical

. and chemical characteristics of various

types of water sampl‘es aré available

g
J\ -, <

A EPA Methods Manual N °

“The' Emrironmmtal Monitoring and

-

-
<
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be analyzed for compliance with maximum

LY

«Sipport Laboratory of the Environméntal ’

Protection. Agency, 8 published a,
manualof analytical’ rocedures to o
provide methiodology for moni:;oring the

.

.

Sample Handling - Through Laboratory
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quality of our Nation's Waters and to deter-

mine the impact of waste -dipcharges. The
title of this manual is '"Methods for Chem<
cal Analys{s of Water and Wastes, "(3) _

" For some tests, this manual refers the .
analyst to Standard Methods and/or'to’
- ASTM for the stepwise procedure.

B Standa.rd Methods
The Ameriean Public ‘Health Association,
the American Water Works Asgociation

.and the Water Pollufion Contro
v prepare angd publish a volume describing

methods of water analysis. These include
. physical and chemical procedures. The
title of this book is ''Standard Methods

for the Examination of Water and Waste-‘
water

;M

ey

" .

C ASTM Standards

* ~ The American Society for Testing and
- Materials publishes an annual "book”
~of specifications and methods for testing
materials,. The "-l%ok currently con-
sists of 47 parts<t part gppliavle -
to water is a book titlgfi, "Annual Boolz
of ASTM Standards”; Part 31, Water. ()

~

D Other References S

4 Current literature and other books of
analytical procedures with related in-
formation are available to ‘the analyst .

2

E Federal Register Methocfology

The analyst must consult the apprOpriate .-
Federal Register for a listing of approved

methodology if he is gathering data for.
Nationa (]5}>ollutant Discharge E
System'”" or State Certification 5) report,
purposes, or to document compliance
‘with maximum contaminant levels in
drinking water(7), The Federal Register

. directs the user to pages in the a}aove
cited reference books where acceptable
procedures can be found.- The Federal
Register also provides information con<
cerning the protocbl for ohtaining approval
to use analytical .procedures other than
those listed. T
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v ORDER OF ANALYSES

4

The ideal situation is to perform all
analyses shortly after sample collection.
Inhe practical order, this is rarely
ibles The allowable holding time
for preserved samples is the basis for
scheduling analyses.
The allowable holding time for samples
depends on the nature of the sample, the
stability of the constituent(s) to be deter-
mined and the conditions of storage.

1 For some constituents and physical
values, immediate determination is
required,“e. g, dissolved oxygen, pH.

2 Using preservation techniques, the
haldirgtimes for other determinations
range from 24 hours (BOD) to 7 days
{COD). ezt)als may be held up to
6 moqthsz

¥¥III RECORD KEEPING
The importance of maintaining a bound,
legible record of pertinent information
on samples cannot be over-emphasized.

Field Operations

A bound notebook should be used. Infor-
mation that should be recorded includes-

1 Sample identification records (See
’ Part OI)

Any mforr;;ation requested by the
analyst as significant -

Details of sample preservation

A complete record of data on any
determinations done in the field.
ASee B, next)

3

L4

A 5 Shipping details and records
3. The EPA Methods Manhal(® and Standard . :
Methods(3) include a table summarizing B
holding times and’ preservation techniques

LabOrator\y Ogerations

for several analytical procedures. Addi-

Samples should be logged in as soon as -

, tional informatfon can be found in the
standard references{ls 2, 3) ag part of
the presentation of the individual pro-
cedures,

4 A table with proposed holding times and
preservation techniques applicable to
samples collected for National Pollutant
Discharge Elimination System or State
Certification purposes wag published in
the December 18,. 1979 Register(5). A
similar table for drinking water samples
cari be found in a May, 1978 Report!

5 It dissolved c centrations are sought,
should be done in the Field if
at all po sible. Otherwise, ‘% sample
ved in
A 0.45 micrometer

for reproducible filtration.

The time interval between collection an:l
analysis is important and should be re-~
corded in the ldboratory record book.

received and the analyses performed as
. soon as possible.

~

A-bound notebook should be used. Pre-

printed data forms provide uniformity of

records and help ensure that required
information will be recorded.
should be permanently bound,"
Items in the Laboratory notebook would
include:

. 1 sample identifying code
date and time of collection
date and time of analysis
the analytical method used
. any deviations from the analytical
L method used andwhy-this-was done
- data obtained during analysis
’ results of quality control checks on
the analysis ’
any informsdtion useful to those who
interpret and use the data
signature of the analyst

Such sheets
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IX SUMMARY . 6 ''Manual for the Interim Certification bf i

Laboratories Involved in Analyzing
Publi¢ Drinking Water Supplies -
Criteria and Procedures,” U.S. EPA
Report-No. EPA 600/8-78-008, °
May, 1878, Y .

Valid data can be obtained only from a
representative sample, unmistakably
identified, carefully collected and stored.

A skilled analyst, using approved methgds

of analyses and performing the determina- -
tions within the prescribed time limits, g¢an
produce data for the sample. This data

will be of value only if a written record . oo~
exists to verify sample history from

the field through the laboratory.

7  Federal Register, ''National Interim :
Primary Drinking Water Regulations,
Vol. 40, No. 248, December 24, 1875,
pp 59566-59574. Also, 'Interim

Primary Drihking Water Regulations; .~ *
i Amendments", Vol. 45, No. 168,
REFERENC_ES ' : August 27, 1980, pp 57332-573486.
1 ASTM Arnnual Book of Standards, B . -
Part 31, Water, 1975. This outline was prepared by Audrey Kroner,
) " Chemist, National Training and Operational -
2 Methods for Chemical Analysis of **  Technology Center, OWPO, USEPA,
- Water and Wastes, EPA-EMSL, * Cincinnati, Ohio 45268,
Cincipnati, Ohio 45268, 1979. )
- Descriptors: On-Site Dita Céllections, |
3 Standard Methods for the Examination On-Site Investigations, Planning, Handling,
of Water and Wastewater, 14th Sample, Water, Sampling, Surface Waters,

edition {\PHA-'AWWA'-WPCF, 1975, Preservation, Wastewater

4 Dean, R., Willlams, R. and Wise, R.,
Disposal of Mercury Wastes from
Water Laboratories, Environmental-"
Science and Technology, October, -
1971, : : -

5 Federal Register, "Guidelines Esta~ - . (ot
bgghing Test Procedures for the
* Analysis of Pollutants, " Vol. 41,
. No. 232, December 1, 1976, .
.- ' pp 52780-52786. °Also, Vol. 44, . i
No. 244, December 18, 1979
- pp 75028-75052 presents proposed
changes. The latter is scheduled
. for finalization-after January,* 1981,

S
- {
.y .
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IX- SUMMARY

Valid data can be obtained only from a repre-

_+ pentative sample, unnﬂ’s"ﬁkably identified,
carefully collected and stored. A skilled
analyst, using approved methods of analyses
and pérforming the determinations within
the prescribed time limits, can produce data
for‘the sample, This data will be of value .
only if a written record exists to verify sample
history from the field through the laboratory.

4
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"REFERENCES

1 'ASTM Annual Book of Standards,
Part 31, Water, 1875,

2 Methods for Chemical Analysis of Water -
and Wastes, EPA-EMSL
Cincinnati, tho 45268, 1879, .

3 Smndanq Methods fo:: the- Examination of
. Water and Wastewater, '14th edition
APHA-AWWA-WPCF, 1975,

‘ £

4, Dean,/ R.¥ Williams, R. and Wise, R.,
isposal of Mercury Wastes from
ater Laboratories, Environmental
nce and Technology, October,

Analysis ¢f Pollutants, " Vol. 41,
No. 232,

S

.% changes,

. __Sample Handling - Field Through

L'E;boraiory

" 8 '"Manual for the Interim Certification o}

Laboratories Involved in Analyzing

Public Drinking Water Supplies -

Criteria and Procedures, " U,S, EPA °
" Report No, 600/8-78~008, May, 1978.

7- Federal Register, -''National Interhix%
” Primary Drinking Water Regulations,
Vol. 40, No. 248, December 24,.1975,
'pp 59566-59574. Also, "Imerim Primary
Drinking Water Regulations; Amendments, '
. Vol. 45, No. 168, August 27, 1880,
" pp 57332257346, ° s -

This outline-was prepared by Audrey Kroner,
Chemist, National Training and Operational
Technology Center, OWPO, USEPA, |
Cincinnati, Ghio 45268

%

Desgcriptors: On-Site Data Collections,
On-Site investigations, Planning, Handling,
Sample, Sampling, Water Sampling, Surface
Waters, Preservation, Wastewater
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COLLECTION AND HANDLING OF SAMPLES FOR

t BACTER IOLOGICAL EXAMINATION

1 INTRODUCTION® :

The first step in the examination of a water
supply for bacteriological examination is
careful collection and handling of samples. <.
Information from bacteriological tests is

useful in evaluating water purification, .
bacteriological potability, waste disposal, Z
and industrial supply. Topics covered

include: representative gite selection,
frequency, number, size of samples,
satisfactory sample bottles, techniques of -
sampling, labeling, and transport.

: . o
11 SELECTION OF SAMPLING LOCATIONS
‘The basis for locating sampling points is
collection of representative samples.

A Take samples for potability testing from,L¥
the distribution system through taps. *
Choose representative points cavering
the entire system. The tap itself should
be clean and connected directly into the
system. Avoid leaky faucets because of
the danger of washing in extraneous x
bacteria. Wells with pumps may be o
considered similar to distribution systems. -

B Grab samples from streams are frequently
collected for control data or application of
regulatory requirements. A grab sample

. can be taken in the strsam ‘near the surface.

-

(A )

C For intensive stream studies on source
and extent of pollution, representative .
samples are taken by considering site,
method and time of .sampling. The
sampling sites may be a compromise
between physical limitations of the
laboratory, detection of pollution peaks, s
and frequency of sample collection in
. certain typesof surveys. First, decide
% how many samples are needed to be -
“processed in a day. Second, decide o
J ether to measure cycles of immediate
pollution or more average pollution.

Sites Tor measuring cyclic pollution are i
immediatelx below the pollution source.
Sampling isxfrequent, for example, every
three hours. ’ :
tA site designed to measure more average
conditions is far enough downstream for 2
a complete mixing of pollution and water.

~

3 ", fo. o
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II NUMBER, FREQUENCY AND SIZE

~

kY

Keep in mind that averaging does not
remove all variation but.only minimizes-.
sharp fluctuations. Downstream sites
sampling may not need to be so frequent

S:amples may be collected 1/4, 1/2 and
3/4-of the stream width at each site or .

ot distances, depending on survey
obl::%ves. Often only one sample in the
channkel of the stream is collected.
Sambles are usually taken near the surface

el

D Samples from lakes or reservoirs'are -

frequently collected at the drawoff and
usually about the same depfh and may be
collected over this entire surface.

E Collect samples of bathing beach water

at locations and times where the most
bathers swim.

OF SAMPLES , . .
. v ¢

A°For determining sampling frequency for

drinking water, consult the USEPA
Standards. i ' /

1 The total number, frequency, and site
are established by agreement with -~

either state of USEPA authorities.
s el

2 The minimum number depends upon the - -
- number of users. Figure 1 indicates
that the smaller populations call for
relatively more samples than larger ,®
ones. The numbers on the left of the
graph refer to actual users and not the
population shown by census.

Jr

3 In the event that coliform limits of the
standard are exceeded, daily samples
must be taken at the same site.
Examinations should continue until two
consecutive samples show coliform, .
level is satisfactory. Such samples
are to be considered as special samples’
and ghall not be included in the total
number of samples examined. - .-

4 Sampling programs described above ™

* represent a minimum nvun},efﬁ&ch =
may be increased by reviewing
-authority.
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Collections and Handling of Samples for Bacteriologic

B For stream investigations the type of
study governs frequency of sampling.

‘C Cbllect swimming pobl samples when use

LI

use. Residual chlorine tests are
* necessary to check neutralization of
chlorine in the sanile.

31 , ‘

Ax

o

Ex

is heavy. The high chlorine level rapidly D Lake beaches may be sampled as required .
reduces the count when the pool is not in depending on the water uses. v
" Population Minimum number of Population Minimum number o
served: samples per month served: . . samples per month
25 tg 1, 000 ~==-===-ccwcccccaax cemmee- 1 90,001 to 96 000 ---=ccma= . 95
1, 00Y to 2,500 ==-==-ee-mcacnan “—emmea 2 < 96,001 to 111, 000 —cc-- emeemmcccceee- 100 -
2,501 to 3,300 --==--= cemmmemmmcccaaa- 3 - 111,001 to 130,000 ==cu-cecucccucaan- 110 .
"+3, 301 to 4,100 ~~==secmcecceccaaae ———- 4 130, 00140 160,000 ---ceeean ————————— 120 .
4,101 t0 4,900 ~====-c==emmcccceaan “-- 5 160, 001 to 190,000 -ccemccceua- —————— 130
4,901to 5,800 ~ «-=-=--- mmmecmcccconna- 6 190, 001 to 220,000 ---ceee-- ——eccmeaa 140
5,801t0 6,700 -===---===ecccccccacau0- 7 220, 001 to 250,000 -=cee-eececccccacan 150
8,701t0 7,600 ======m=ceccccccmcaaaa- & \250, 001 to 290,000 -----e-- i 160
7,601 t0 8,50Q ~===ccemcccmccccccacaan 9 290,001 to 320,000 -ceccecccccmuacaan 170
8,501t0 9,400 =c=w-cccmccccacncccnaes 10 320, 001 to 360,000 e-ccccccccccacaaaa. 180 _
9,401 to 10, 300 ~~==-=-=ccccmmnmcccaae0" 11 360,001 to 410, 000 -euw- mccema- c——- 190 .
10, 301 t0 11, 100 == ==-mmcwccccnmccnnea 12 410, 001 to 450,000 cccccccmcmccccaaa- 200
11, 101 to 12, 000 ==========cccccaaza- - 13 450, 001 t0 500,000 ceccccccccaaaaa- -- 210 .
12, 001 to 12,900 =~-=====ecu-- mmemme- 14, 500, 001 to 550,000 --cemececemceaen-n 220
12, 901 t0'13, 700 ~======cccemcccaaaaan 15 550,001 to 600,000 -cemeecemeecoman- - 230
13,701 to 14, 600 ====e=-cccceaamc- -=-- 16 600, 001 to 720,000 ---ccceccecncnuaa- 240
.14, 601 to 15, 500 ~=--cc=cccacaaaa- “—-- 17 720, 001 to 780,000 eccmececccnccaaan 259 -
15, 501 to 16, 300 ===-==<==c=c- Cecemnaa 18 780,001 to 840,000 -wcccccac--- cneme- 260
16, 301 to 17, 200 *==-========= s=---=-- 39 840,001 t0 910,000 cccmcecmcccmcaaae 270
17, 201 to 18, 100 -=------ ceome- “em=mee 90 910, 001 $6 970,000 -ceccccammcicmccan 280
18,101 to 18, 800 ====--=c==ccmcdeccaaa 9 970, 001 to 1, 050,000 ==-eeca-- - 290 -
. 18,901 to 19, 800 ===-==cccccocnn- mmmms 22 1,050, 001 to 1, 140, 000 ==ceemecmumceaa 300
19, 801 to 20, 700 «~be--=-c-omon-- ws=s==s 23 1, 140, 001 to 1, 230, 000 = -ecemeeanam- -== 310 .
20, 701 to 21, 500 -=---==-=c-=o-oo-- "t 24 ‘1, 230, 001 to 1, 320, 000 ==---=- cmm—eeee 320
21,501 to 22, 300 =-----=c-m=cmo--o- ®=== 25 1, 320, 001 to 1,430, 000 =m-memmmemmceee 330
22, 301 to 23, 200 ==-=--==-mc=-omnon “T" 260 TN, 420,001 to 1,520,000 meemememieameee 340
23,201 to 24, Q00 --=----- mmsseeses gomms 27 1,520, 001 to 1, 830, 000 ==cemmememaeem- 350, -
24,001 to 24, 800 ~==---immcccmoccnoooo- 28 1, 630, 001 to 1,730, 000 ==ncmmmmemmn - 380
24, 901 to 25,000 =~----c-mmooo- TTUTTEmT 200 L 1,730,001 to 14850, 000 —memmmmammaeeme 370
25,004 t0\28,'000. b atndetedadedided e iind 36 . l 1. 850' 001 to 1 970’ 000 w-wecamcmccoe=-= 380
28! 001 to 330 009 e itk "S- 35 1. 970. 001 to 2. 080’ 000 __'____ ____:___ 390
33,001 to 37,000 ===-=====cecccmee=moe 4 .2' 080' 001 to 2' 270’ 000 =mecaerecatoan 400
37 oo.i to 41' 000 ...--'-h--'-'-'-""" 45 2. 270. 001 to é. 510. 000 wmwcrcetenneen— 410
41 001 to 48! 000 Rt EE TP 50 2.510. 001 to 2, 750. 000 = =eovcccmanea= 420
46: 001 to- 50. 000 B s SET T T RS 55 2' 750. 001 to 3 020. 000 - — - - o e 430
. 90,001%0 54, 000 --ewocnmmmmnmmcoomcen g, 3,020, 001 to 3, 320, 000 mmemmmmmmmmcmen 440
54,001 to 59, 000 ===-===-==s=c-ocrmeo- g5 3, 320, 0010 3, 620, 000 e enseoooomeem 450
/59,001 t0 84,000 =memcmoemmmoomemomas 70 50690001 to 3,960, 000 =mnmmmmmmceen=t 460 -
64,001 to 70,000 =m===ee=mmzemmenmnass © 75 3,960, 001 to 4, 310, 000 ==mweececaeaan= 470
70,001 to 76,000 =remseommnumeennecas 8O 4, 310,001 to 4, 690, 000 ===vme=naee-aun 480
76,001 to 83, 000 ~=menneenmmeenceaeans g5 4,890,001 Or MOTre +cec-mearacaaaae-a= 500
83. 001 to 90. 000 - - - - - - - = - - - 90 ) N s ~
‘ FIGURE I .
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ﬁa“ndling of Sampl’esiior Bacteriological Examination
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E Salt water or.estuarine beaches are
sampled as needed with frequency
depending on use.

F Size of samples depends upon gxamination
'—— anticipated. Generally 100 ml is the
xmnimurh size.

€

{ ’
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IWTLES FOR WATER SAMPLES

A The sample bottles should have capacity
for at least 100 ml of sample, plus an
air space.’ The bottle and cap must be -of
bacteridlogical inert materials. “Resistant
- glass or heat resistant plastic are

¢ acceptable, At the National Training
Center, wide mouth ground-glass *
stoppered bottles (Figure 2) are used,

All bottles must be properly washed and

sterilized. Protect the top of the bottles
and cap from contamination by paper or

metal foil hoods. Both glass and heat

LA 2

T |

E 2
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resista;nt plastic bottles may be
sterilized in an autociave.
at 121°C for at least 10 minutes.

Hold plastic

Hot

air sterilization.

-2 hours at 170°C, may

be used for dry glass bottles. °
Add sodium thiosulfate to bottles ¢ntended
for halogenated water samples.- A quantity
.of 0.1 ml of a 10%" solutioh provides 100
mg per litgr concentration in a 100 m}
sample. This level shows no effect upon
viability or growth.

C Supply catalogs list wide mouth ground
glass stoppered bottles of borosilicate °
resistance glass, specially for water L
samples.

e

V TECHNIQUE OF SAMPLE COLLEC TION

Follow aseptic technique as nearly as possible.
Nothing ample water ‘must touch the wnside.
of the bo or cap. To avoid loss of sodium
thiosulfate, fill the bottle directly and do not
rinse, Always remember‘to leave an-air space.

A In sampling from a distribution system,’ o

first run the faucet wide open until the
service line is cleared. A\time of 2-3.
minutes generally is sufficient. .Reduce
thé flow and fill the sample bottle without
splashing, Some authorities stress flaming
the tap before collection, but the use of this :
technique is now generally considered as value-
less. A chlorine determination 18 often made
on the site,

@~ -

The bottle may be dipped into some

waters by hand, Avoid introduction

of bacferia from the human hand and L
from surface debris, Some suggestions-
follow- Hold the pottle near the base .

with one hard and with thie other tfemove

the hood and cap, Push the bottle ‘

) rapidly into the water mouth down and tilt up

towagds the current to fill.\ A depth
of bbout 15 cm (6 inches) is gatisfactory. Whep

there is no current move the bottle through
the water horizontally and away from

. the hand, Lift the bottle from the water,
hgving leff an air space of about 2} em |
( 115icY), and return the Wicofitdftinated
cap, .
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C Samples may be dipped from swimming
_pools. Determine residual chlorine on ,
the pool water at the site. Test the
sample at the laboragry to check chlorine
neutralization by the“thiosulfate.

D Sample bathing ,beach water by wading
out to the 60 cm (2 {t) depth and dipping the
.'sample up from about 15 cm (3 inches) below
exe ﬁurtace. Use ’the procedure described in

>

E Wells with pumps are similar to
distribution systems. With a“hand pumped
well, waste water for about five minutes
before taking the sample. Sample a well
without a pump by lowering a sterile
bottle attached t6 a weight. A device which
opens the hottle underneath the water
will avoid dontamination by surface debris.

F Various types of sampling devices are
available where the sample point is
inaccessible or depth samples are <esired.
The general problem is to put a sample
botfle in place, open it, close it; and
‘return it to the surface. No bacteria but
those in the sampie must enter the bottle

-

. { The J - Z sampler described by Zobell
in 1941, was designed for deep sea
sampling but is useful elsewhere (Figure)
3). It has a metal frame, breaking
‘device for a glass tube, and ,sample
bottle. The heavy metal messenger
strikes the lever arm which breaks
the glass tubing at a file mark. A
bent rubber tube straightens and the
water is drawn in several inches from
the apparatus. Either glass or collapsible
rubber bottlés are sample containers.

‘.

Commercial aglaptations are available.
Note the vane ahd lever mechanism on FIGU(R‘E 3
the New York State Conservation - - '

Department's sampler in Figure 4. . )

When the apparatus is at proper depth
the suspending line is given a sharp Reproduced with permission of the Journal

. of Marine Research 4:3, 173-188 (1941) by
gauilses“tr;;egtgg:g‘ixg %Jigft:rtg%uvﬁ: ¢ ;t;[le 1;)epa.rtlflent ‘of Health Education and—
. into the bottle. Sufficient sample is eltare. : .
collected.prior to the detachment of
the stopper from the vane arm allowing
a closure of the sa.mple bottle. .

The New York State Conservatton
Department's sampler is useful’ for
shallow depths and requires nothing

be sides glass stoppered sample bottles..

-
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'Collect.ior; and ’I:la‘ndliggof Samples for B’écié‘z'-ioléggcal Examination

v . °
‘ ~. bt e . ' ’ ’
) i ’ B While a sanitary survey is an indispensable
part of the evaluation of a water supply, its ’
: discussion is not within the scope of this
- lecture. The sample collector could supply
bascnwsons s s’ mudh'information if desired,
VI SHIPPING CONDITIONS
] » -
i o The examination should commence as sooq!
g as possible, preferably within one ‘hour, A
r - maximum elapsed timeé- between collection and
examination is 30 hours for potable water
samples and 6 hours for other water samples >
. - (time from collection to laboratory, delivery),
: An addjtional 2 hours is‘allowed from delivery '
to laboratory to the completion of first-day
) =6 - laboratory procedures. Standard.Methods
(14th Edition) recommends icing of samples .
' between collection and testing.
AN ’ . . h ‘
,VII PHOTOGRAPHS ‘ - |
’ " A photograph ig a éample in that it is evidence ;
- . representing water quality. Sample collectors |
- __° ) and field engineers may carry cameras to |
record what they see. Pictyres help the general |
” FIGURE 4 - " publi¢ and legal court8 to better understand v
X ’ laboratory data. - °
3 A commercial 'sampler is available ) e
which is an evacuated sealed tube with ., REFERENCES L ' |
a capillary tip. When a lever on the - .
'+ gupport rack :;;;‘;g;:igg; Ihe tube 1 APHA, AWWA, WPCF, Standard Methods
lever for pulling the stopper, while . for the Examination of Water and Wastewater.
another uses an electromagnet. > (12 Ed.) 1965, 7
2 Prescott, S.C., Winsléw, C.E.A., and,
VI DA‘I‘A RECORDING N McCrady. M.H, Water Bactemology. 6th Ed,,
368 pp. John Wiley,and Sons, Inc., New York. -° "
A Information generally inchMides: date, “time 1946. e e
of collection, temperature of water, localLtio o .
t, and name of the sample
gﬁlﬁ:ﬁﬁ?flggggﬁs are often used. The F 3 Haney, P.D,, and Schmidt, J. Representative
"location description must be exash enough "' Sampling and’Analytical Methods in Stream
to guide another person to the site. Studies. - Oxygen Relationships in Streams,
Reference to bridges, roads, distance to T ical Report W58-2 pp. 133-42, ¥*S§S,
the nearest town may help. Use of the Department of Health, Education and Welfare, . -
surveyors' description and maps are . Public Heal’ch Service, ‘Robert A, Taft Sanitary - .
R o oty omonst . ™\ Enginering Canter, Cincimati, Ohfo. 1050,
umm d
?nadvi::bi:gs may sosk Oﬁ an are . 4 Velz, C. J, Sampling for Effective Evaluation

of Stream Pollution.

Sewage apd Industrial
Wastes, 22:666-84.

1950,

e
3R,
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1 INTRODUCTION . F1sh benthos and plankt\qn tollection
. is-essentially the sime whe ther con- *
A Dfle to the nature of ecological inter- ducted in Lake Michigan, J.
relationships, rhethods for the collection - Beach or the Sargasso Sea. \
" of 'different types of aquatic organisms
3 differ. In general we can recognize © 1’ Marine orgamsms_' range to larger .
those that-swim or float and those that - - --- - —8izes;—and-the.corrosive nature of ¢
crawl those that are big‘and those that v e seawatei' dictates gpécial care in
. are little, Each comprises apartof = . the deslgn and maintenance of ., .-
° ""the Tife'" 4t any given survey statlon ) . marine‘equipfnent; Site seiectmn B
o ‘and consequently a “'complete" collection . and collection schedules aré
would include all types, . , . influenced by such factors as tidal
. N o . . . ) " . currents and periodicity, and
B Field methods in the following outline - . salinity distribution, rather than ,
are grouped under four.general .. _ - . (river) currents, riffles, and pools. L
.categories, the collection of: - B - -
, . 2 _ Freshwater organisms are in
-4 . 1 Benthos (or bottom dwelling | o general smaller, and the wa;iryls
v organisms), These may be . seldom chemically corrosiv
' attached, crawlmg, or burrowmg R . - equipment, Site sélection in
v forms, streams involves riffles, falls,
e ' . T . @ . pools, etc.; and a unidirectional T
" 2 \ Plankton (pla.ncton) These are flow pattern, Lake collection may
. \usually microscopic planth and . . * involve less predictable strati-
animalg feebly swimming, drifting, - . fication or flow patterns.

- lor suspended in the ‘open water. . . .
E Definite objectives shouli bt established '

- 3 Periphyton or "aufwuchs" ) This is inzadvance as.to the size range of -
o, ’ the commuxuty of organisms . organisms to be collected and counted,
) associated with submersed substrates. i.e.: microscopic only, mi_c’roscopic
Some are attached, gome crawl. The _and macroscopic, those retained by
: group is intermediate between thé "'30 mesh" screeng, invertebrates and/
e . benthos and the plankton. or, vertebrates, etc,
® 4 Nekton, Nekton are the larger, . ;
o free swimming active animals such I STANDARD PROCEDURES . 5
s as shrimp or fishes, - . :
' . e, "A  Certain standard supplementfary
€ Agquatic mammals, birds, amphibians, " procedures are a part of all field _
reptlleS. and in most cases, require ) techniques, In order to be interpreted
’ still other approaches and are not included! . and used, every collection must be,
- * asgociated with a record of ‘environ- -
D There is little basic éifference between ° mental conditions at the time of o Y
TINN biological methods for oceanic, estuarine, . collection. . _ S
. or-freshwater situations except those ) o l . T ‘
. " dictated by the physidal nature of the " 1° Data recorded shiould include the
" . environménts and the relative ‘sizes of following as far. as practicable,
S . the organisms. TN . : ' .
. s« Location (name of river, lake, etc,)
R P L " . Marked USGS 7{;§nmute quadrangles ;

. ° are recomimended.-

BI.MET.fm.lk-2 g1 -

« - N W .t <
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t

. o .- e
' , Station number (particular location 8°  Much transc;iption of data can'be . -
—— ' of which a full description should ) eliminated by using sheets or cards
: be on record) { with a uniform arrangement for -,
: Lt ; C e including the above data. The .
Date and hour . .o . : same field data sheet'may include
, ~ o field or laboratory analysis. . ’
AN Weather . ] . ' .
A - . B ' Compact kits of field collecting equip- |
N Air temperature ment and materials greatly increase
o, . collecting efficiency, especially if the
- - Wind direction and velocity , collection gite is remote from
' ‘ . ! ,( . transportation, . BN Y
Sky or cloud cover X . °~‘ ' .
e v, Water temperature (at various : m | PERSONAL OBSERVATION AND, ' -
RS depths, .Af applicable) . ' PHOTOGRAPHY
' - Salinity (at yarious depths, i = . 7 A Direct.or indirect observation of under-
applicable) - water conditions has become relatively
e . efficient. e .
Tidal flow (gbb r-flood) o - ' )
s ) . PR . 1 Submersibles are proving very .
" Turbidity (or light penetration, etc.) important for deep water - '
' ’ . : . - opservations/ .
¢ * Water color . L -
_ . , .2 bsé.of aqualung permits direct -
~ Depth . t personal study, down to over 20 feet. ‘, .
Type of bottom ) ; 3 Underwater television (introduced by ™, 7
' ' : : “the British Admiralty for military .
Type of collecting device and purposes) is now generally available, - °
" accessories : for biological and other observationsg-—/ .
T Method of collecting . 4 Underwater photography is improving
’ Yin quality and facility.
Type of sample (quantitative or
" qualitative) . ) * 5 Underwater swimming or use of
: , SCUBA is quite valuable for direct
Number of samples at each gtation observation and collecting, °
" Chemical and phy§ical data,”e. g.-, - © 6 Smaller hand held water lens or - ~
B (replicates and stratification) - " v wat&r=telescopes are very useful .
: dissolved oxygens nutrients pH. etc. ) .in shallow water. - .
Collector's name . / IV COLLECTION OF BOTTOM OR
: " BENTHIC ORGANISMS :
« . Mis cel]aneous»o’ba\ervations (often -
. very important) . ' A Shoreline or Wading Depth Collecting
RPN A ) " Plates 1. it
.2 All collecting containers should be ) , )
L identified at least with location, . 1 Hand picking of small forms attached
i " station number, sample number, "« to or crawlifig off rocks, sticks, etc, !

- &nd date. Bpares dre very handy : when lifted out of the water isa . .

-
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3

fundamental and much used .
method for ‘qickly assaying what

is present and what may be expected
on further search,

Patches of seaweed and eelgrass
and shallow weedy margins any-
where are usually studied on a
qualitative bagis only. "

a  The apron net is one of the best
tools for animals in weed beds
or other heavy vegetation, It
is essentially a pointed wire
sieve on a long handle¢ with
coarse screening over the top
to keep out leaves and sticks.

5 .
Grapple hooks or a rake may
be used to pull-masses of
vegetation out on the bank
where the fauna may, be
‘examined and collected as they
crawl out, .-

. Quantitative 'g'timates of both

plants and animals can be made .

with a "'stove pipe" sampler
which is forced down through
a weed mass in shallow water
and embedded in the bottom._
Entire contents can then be
‘bailed-but into a sieve and.
sorted, -+ -

A frame of known dimensions .
may be placed over an area to
be sarmipled and the materia}

. within cropped ‘out:, This is
especially good for ‘larger
plants and large bivalves.
This method yields quantitative:
,date;.‘ y .-

*an

-

Sand and mud f18ts in estuaries and
shallow lakes may be sampled
quantitatively by marking off a -
desired ared and either digging
away. surrounding matérial or
excavating the’?‘ﬂ%"s‘ii‘ed%tezjal, e
to a measune\\} depth- dle- t
operated samplers recently
developed by Jaekson and

P

.

B Collecting in Freshwater

#
Larrimore, make for more effective
sampling of a variety of bottoms down
to the depth of the handies. Such s
samples are then washed through graded
screens to retrieve the organisms.

Ekmoap grabs are most useful on soft
bottoms. This is a completely closing
clamshell type grab with spring operated ..

aws, Size of grab is usually 15.2 x 15,2 em
r 22,9 x'22,9, the 30,5 x 30.5 cm wizZe

is impractical due to its heavy weight when
filled with bottom material,

N -

For use in shallow water, itis conVex;ient -
to rig an Ekman with a handle and a hane
gperated jaw release mechanism,

-~

The Ekman may also be fitted with a hydraulic.

' .operated closing mechanism for "hard"

substrates, a

¢ T ) . °
The Petersen type grab (described below) _
without weights will take satisfactory samples
n firm muds, but-tends to bury itgelf in
very soft bottoms, It is seldom ged in
shallow water except as noted below,

- 7 - —

Riffles or Rapids

_1 THe riffle is the most satisfactory habitat

.
.

for.comparing stréam conditions at different .
points, , . «

Ll * aa

The hand screen is a simple and epsy device
to use in this situation. Resulting collections
are qualitative only,

" a In use the screen is firmiy_ planted in the

.stream-bed. Upstream bottom is thoroughly
‘disturbed with the' feet, orworked over by
hand by another person, Organisms

disloc ged are carried down into the screen,

-
.

b Screen is then lifted and dumped into sort- -
ing tray or collecting jar, - ’

-
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The well-known Surber sampler is ) This may be used as a roughly quan-
one of the best quantitative collecting . titative device in riffles by holding
devices for rlfﬂeS. . the end flat against the bottom and -
* disturbing the substrate with one's
"It consists of a frame 30,5 cm feet, A standard period of time is
square with a conical net attached. * used,
It is usable only in moving water, ~
The,handle ‘should be from 1 to 2
In use®it is firmly planted on the meters long, and about the weight
bottom. The bottom stones and \ of a garden rake handle,
gravel within the square frame :
are then caref gone over by ihg should be made of steel
hand.to ensure that all otganisms brass, and securely -
have been dislodged and carried - fastened to the handle. It should
by the current into the.net. A Fong but not cumbersome; size
stiff vegetable bruskh is often useful ' of ring stock will depend on width
in this regard, K of ring, .

From three to fiyé square=foot The bag or net should be the strong-

samples should beNaken at each . est available, not over 3 mm mesh,

station to insurée that a reasonable Avoid mesh which is so fine that,
percentage of the species present . .the net plugs easily and is slow and
will be represented heavy to handle. A shallow bag is

: preferred,

Long sleeved rubber gloves (trap- . , o
pers) are, recommended for winter f A wide canvas apron sewed around
use,* ° : X the rim will protect the bag, The

. ' rim may be protected with leather.

* 4° The Petersen type grab may be used

' in deep swift riffles or where the %6 Drift nets are set for predetermined
Surber is unsuitable,. periods.

.

it is‘ lanted by hand on the bottom, Deep Water Benthic Collecting Plate III .
and d down into the bottom .
with eet, 1 “When sampling from vessels, a crane

» ’ . ; and winch, either'hand or power operated,
It is then closed zhd lifted by is used, The general ideas described
pulling on the rope in the usual . for 'shallow waters apply also to deeper

manner, R . waters, when practicable,

A strong medium weight D frame . The Petersen type-grab, seems to be
dipnet is the closest™approach to a the best all around sampler for thé .
universal colletting tool, ' greatest variety of bottoms at all depths,
. ' . from shoreline down to over 10, 000 & ’
"a Sweeping Weed beds and Stream ‘meters, 'Plate I -y
Margihs o7
. a It consists of two heavily constructed
_Thig 1s used with a sweeping . . half cylinders closed together by a
motion.@,through weeds, over - ’ .o strong lever action,
. the bottoms or in open water. ’
A tri'a.ngular shape is preferred
by some. . . v "

' Stop net or KickiniTechnique

P
<+

%
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b .To enable them to bite into
hard bottoms, or to be used in
strong currents, weights may

be attached to bring the total
weight up to between 22 7 and
45.4 kg. .

¢ Areas satnpl’ed-range from
"1/5th to 1/20th square meters,

d A Petérsen grab to be hauled
" by hand should be fitted with
(15 r 20 mm) d1ameter
twisted rope in order to’ provide
,adequate hand grip. It ig best
handled by m=zans of wire \ropes
a.nd a w;gch. * °

Other bottom sdamplers. include the
VanVeeh, Lee, Holme, Smith-

Mcintyre, Knudsen, Ponar, KAJA
and others.

A spring loaded 3sampler was '
developed by Shipek for use on
all types of bottoms, It takes a
half-cylinder sample, 1/25th square
meters in area’ and approximately

10 cm deep at the center, The device
is automatically triggered on.contact |
with the bottom, and the sample is
completely protected enroute to the -
surface. _(Plate 1)

Drag dredges or scrapes are often !

used'in marine waters and deeper
lakes and streams, -and comprise
#the basic equipment of .several types
of commercial fisheries. Some
types have been developed for
shallow streams, In general .
however, they have been little used
in fresh water,
/ .

* Thé above is only a partial listing - . '~

of the many‘sampling deviceg -
available,. Others that arg often -
encountered are the-orange-peel’ :
bucket, plow dredge, scallop type -
dredge,- hydraulic dredges, and , —
various coring devices. Each has .

E

e

7 'Traps of m&

5 Baskets (or other containers)

its own adventa.ges and dis- -
advantages and it is up to the- '+ .
worker and his operation to decide

what is best for his particular needs, *
The Petersen and Ekman grabs and

and corers are perhaps the most
commonly used.

types are used for
various. benthi®Qrganisms, )
especially crabs and lobsters. .,
Artificial substratés (below) are in
. .essence a type of tAap.

8 Non-randon distribu ion of biological

for the biologist,

)’Ianipulated substrates rely on the.
ecological predilaction of oXganisms

to settle wherever they find & suitable
habitat. When a artificial hahjtat is
provided, it tends to become jopulated

by all available species partialto that

type of situation, The collector ‘¢an

then at will ' remove the habitat or\trap

to his laboratory and study the poptla- .
tion at leisure. Two weeks for periphyton
and four weeks exposure time’for ma
vertebrates are the usual standardized
time frames,

This versatile research technique is
much used for both  rputine monitoring
and exploratory studies of pollution,

It is also exploited commercially, -
especially for shellfish production,

' Types, of materials use include: :

1 Cement plates and pa.nels.

. .

2 Wood (especially for bur.rowing .
forms). )

(X

- 3 Glass slides (dxatometer or.

periphytometer;). '

4 Hester~Dendy multiple plate trap

(masonite), .~ N
, K

holdirig natural bottom material ’

- and either imbedded in the bottom,
or suspended in the overlying
water,, .

43 o o
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M . Biological Field Methods

6 Unadorned ropes suspgnded in the
water, or sticks thrust-into the
bottom. . ¢ , )

Py

7 A yariety of plaétic forms.

F Sorting and Preservation ¢f Collections

1 Benthic collections usually consist
- of a great'mass of mud and other
\ debris among which the organisms
are hidden, Various procedures
may be followed to separate the

orgagisms. L

s <1 ’
a The prganisms may be picked
out on the spot by hand or the
entire mesgs taken into the

laboratory where it can be

examined more efficiently .

(especially in rough weather).
- Roughly equivalent time will
probably be requ1red in either
case.
~ .
Specimens may be observed
and recorded or preserved as
a permanent record.

¢ Organisms may be simply
counted, weighed, or measured
volumetrically; or they may be
separated and recorded in
groups or species.

f separation is in the field this is

usually done by hand picking, gereen- |,

ing, or some type of flotation process.
The less debris or substrate in the
sample reduces picking time..

a Hand'picking is best done orya
white enameled tray using
light touch limnological forceps.

b  Screening is one of the most
practical methods to separate
organisms from debris in the
field, Some prefer to use a
single fine sereen, others
prefer a series of 2 or 3
screeng of graded sizes.

. collectiori may be dumped

»  directly on the screen and the
mud and debrig washed through,

The

- b
Lo '

&

3

s ©

N v

or it may be dumped into a

: bucket or small tub. . Water
. is then addedgthe mixture is .
a well stirred, and the super- s

natant poured through the
partially submerged screen.
While doing this the screen is
gently agitated or swirled. *
The residue is then examined
for heavy forms that wilknot

: float up.

A variation of this method in
* gituations'where there is no

. mud is to pour a strong sugar

. ir salt solution over the

ollection in the bucket, stir
it well, and again pour the
supernatant through the screen.
This time, however, saving
the flotation solution for

o ~ re-use. The heavier-than-

¢ water solution accentuates the -

) separation of organisms from

the debris (except for the,

heavy shelled mollugcs, etc. ).

} A solution of 1.13 kg. of sugar

per 3. 79L of water is considered

. to be optimum. )

3 Preservation or:stabilization is
usually necessary in the field. -
Rose bengal may be added to the

N staining the organisms,

95% ethanol (ethyl aleohol) is
highly satisfactory. A final

- . a

: . strength of 70% is necessary
. : for prolonged storage. If the
" collection is drained of water -

and flooded with 95% ethanol

in the field, a laboratory ..

flotation separation can usually

\? : ‘be made later, thus saving

much time. Considerable .
-quantities of ethanol are :
required for this procedure.
* ., b Formaldehyde is more widely
: ' available and is effective in
. - concentrations ‘of 3 - 10% of
the commercial formulation.
However, it is highly suspect

44 0 - w .
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and is not recommended. .

Properly preserved benthos

samples may be retained .

indefinitely, thereby enhancing

their utility and ultimate value,
d Refrigeration or-icing is very

) helpful if many collections made

in a short time are to be picked

by few individuals. VI

“ .

e There is no single all purpose
preservative for unsorted samples.
For example some specialists
would like their material killed

in boiling water, fixed in formalin -
or other solution and preserqed in ____
alcohol, The field invéstigator’

usually compromises because of

this problem. Again it all depends

on the study objectives,

V MICROFAUNA AND PERIPHYTON
* (OR AUFWUCHS) SAMPLING
A This is a relatively new area which
promises to be of great importance.

. The microfauna of mud and sand
bottoms may be studied to some extent
from collections made with the various
devices mentioned above. In most
cases_however, there is considerable
loss of the smaller forms. .

. s
B Most special microfauna samplers for
soft bottoms are essentially modified
core samplers in which an effort is
made to bring up an undisturbed portion
of the bottom along with the immediately
overlying water. The best type currently
seems to be the Enequist sampler which
weighs some 35 kg. and takes a 100 sq.
cm sample 50 cm. -deep. . - ‘B
> - .
C Microfauna.from the surface of hard

“sand or gravel bottoms may be sampled

by the Hunt vacuum sampler. This has '

‘8 beu-shaped "sampling" tube sealed ’
by glass diaphragm. On contact with
the bottom, the, glass is automatically - -

.broken and.the nearly bottom material
is swept up into a trap.

w 2/ A well-planned study or analysis

-

r . *
D Periphyton attached to or associated

with hard surfaces su'¢h as rock or

wood.may be sampled by scraping or . t
otherwise removing all surface . ..
materlﬁa} from a measured area. The
periphyton, howewer, is-more effectively
quantitatively sampled by manipulated -
sﬁbstrate-techpiques described above.

° [

¢ N\ -,
THE COLLECTION, OR SAMPLING

‘' OF PLANKTON PLATE IV

A %’hytpp]émkton: A Plannéd Program is
* Desirable '

1 A planned program of plankton v
' analysis should involve periodic .
sampling at weekly or even more
frequent intervals. .

s

" of the growth pattern of plankton
" in one year will provide a basis
for predicting conditions the e .
following year since seasohal J
growth patterns tend to repeat ‘
tHemselves from year to year.
N .
a  Since the seasons and the years
| differ, records accumulated N
oye'r the years become more - _
useful. . -

b  As the time for an anticjpated
bloom of some troublesome
species approaches, the
frequency of analyses may be
increased. ‘ >

3 . Detection of.a bloom in its early
stages will facilitate more
economical control.

- Field Aspects of the Analysis Program

1 Two general aspects of plankton
analysis are commionly recognized: ) -
quantitative and qualitative. \ Z
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h
& Qualitative examination tells - measuring the amount of water enter-
what is present, . ) ing the-net,
b  Quantitative tells how much., =" 3 *fhe devices used for collecting plankton
. .capture both the plant andanimal types.
c Either. approach is useful, a The mesh size (net no.) is"a method for
" combination is best. selecting which cate gory of plankton is
: * to be collected.
2 Equipment for collecting samples
. in the field is varied. D The Location of Sampling Points
oL ’
a A half-liter bottle will serve 1 Both shallow and deep samples are
for surface samples of suggested. . 5 ,
. phytoplankton, if carefully - ’
taken. ‘. a "Shaﬂlow" samples should be taken at
s . e a depth of 15 cm-to 30 cm. The -
b' A Kemmerer, Nansen, or other surface film is often significant.
®  gpecial sampler (small battery _
operated punips are time saving) b "Deep'/samples should be taken .

is suggested for depth samples.

¢ Plankton nets concentrate the
sample in the act of collecting
and also capture certain larger
forms which escape from'the = .
bottles. Only the more, elaborate
types are quaptitative however.
For phytoplankton, #20 or #25
size nets are commonly used.

_ Usually a net diameter of 13- 2/8 cm

is sufficient. Smaller forms, will
pass any net. N,

d The dilemma in choosing a net lies
in the fact that larger meshes allow
wanted forms to escape while
smaller mesh nets tend to clog
and increase evasion possibilities
of wanfed_forms,

C Zooplankton Collecting

1 Since zooplankton have the ability to .
evade sampling devices, nets towed
at moderately fast speed are used
for their capture. Number 12 nets
(aperature size 0.119 mm, 125 meshes
1 inch) or smaller numbered net sizes

are commonly used. A pet diameter .

greater than 13 cm is preferred.

Frequently half meter nets or larger
are employed. These may be equipped
with: flow measuring devices for

such intervals between surface and
bottom as circumstances dictate.

In general, the entire water column
should be sampled as completely ag
practicable, and the plankton from .
each level recorded Bepa’rately.

For estuarine plankton, it is necessary *
to sample different periods in the stage .
of the tide, otherwise samples would

be biased to a_given time, or type of
water carried by the tidal currents.

Plankton is subjected to the force of the
winds and currents. As a result, the
plankton is often in patches or ''wind
rows' (Langmuir cells). For this reason
when using a net, it is often desirable‘to _
tow. the net. at right angles to the wind or’
current. ®

Nearly a.ll plankton a/ horizontally
discontinuous. Planktonic organisms

tend to be numerous near the bottom in .
daylight, but distributed more evenly
through the water column at night,
Therefore, a series of tows or samples

at different depths is necessary to obtain

a complete sampling, One technique

often employed is to take an oblique

tow from the bottom to the top of the

water column. . ,
o : t
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Biological Field Methods

- 5 ot studies to indicate sampling
¢ locations and-intervals are often

‘mandatory. Some studies require
random sampling points.

‘. 6 The number of sampling stations
: ”  that should be established is limited

by the capability of the laboratory to
= . analyze the samples, but should .
‘ ’ EBproach the needs of the objectives
/ as closely as possible.

7 Field conditions greatly affect the
plankton, and a record thereof
should be carefully-identified with
the collection as in II above. ;

8 | Provisions should be made for the
field stabilization of the sample
until the laboratory examination
can be made if more than an hour
or 80 is to elapse. t

a Refmgeratmn or 1c1ng is very
helpful, but ice should néver
- be placed in the sample.

b ols solution is a good
. preMervative.4

¢ Ultra-violet sterilization i8

A

7 somectimes used in the laboratory

. : to retard the decomposition of
plankton.

¥

d A highly satisfaétqry merthiolate
preservative has been described

2 by Weber (196

\

VO COLLECTING FISH AND OTHER
* NEKTON PI.ATES v, Vi
the obscure and unlikely areas as well

~ collection to be complete;- Several

- . techniques should be émployed where=-"

.ever possible (this is appropriate for
s all biota). :
S local authorities to inform them of the

. reasons for sampling, because mdny of

a8 the obvious locations in order for the

It is advisable to check with

A Fish and other nekton must be sought ’-P/ E * Triwls are submarine nets, usually of”

. the techniques are not legal for the
layman. In this area, perhaps more
than any other, professionally trained
" workers are important, Also, there
must be at least one helper, as a single

+ individual always has difficulty in ‘pulling
both ends of a 7 meter seine simultaneously.

The more common techniques are listgd-
below. -

B Seineé

1 Straight seines range from 2 meters
and upwards in length. "'Common
sense'' minnow seines with approxi-
mately 6 mm mesh are widely used

g shore for:collecting the smaller
fishe

Y ,
2 Bag seines have an extra trap or
bag tied in the middle which helps
trap and hold fish when seining in
: difficult situations. |

C Gill nets are of use in offshore and/or
deep waters. They range in length
from approximately 27,4 meters upward.
A mesgh size is designed to catch a
specified size of fishe The trammel net
= is a variation of the gill net.

. D Traps range from small wire boxes or

cylinders with inverted cone entrances
to semi-permanent weirs a half mile or
‘mgre in length. A1l tend to induce fish
to swim into an inner chamber pro-
tected by an inverted cone or V - shaped
*  notch to prevensescape. Current '
erated rotating fish traps are also
'very effective (and equally illegal) m
suitable situatjons. “

considerable size, t‘owed by vessels at
speeds sufficient to overtake and scoop

. in fish, etc. The mouth of the net must
be held open by some device such as a
long beam (beam trawl) or two or more,
vanes or "otter boards'' (otter trawl).
Plate IIT o

~

~
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1 Beam and otter trawls are usually
“ fished on the bottom, but otter

trawls when guitably rigged are -
*°  now being used to fish mid-depths.

2’ The midwater trawl resembles a
hugé plankton net many feet in
diameter. It is proving very gffec-
tive for collectmg at mid-depths.

Numerous special designs have been
developed, Plate VI

Electric seines and screens are widely
employed by fishery workers in small
and difficult streams. They may also
be used in shallow water like areas with
bertain reservations.

N
~

Poisoning is much used in flshery studies
and management. Most w1de1y used and

‘generally satisfactory is rotenone in g

varying formulations, although many -
others have been emplpyed from time to
time, and some appear to be very gobvd.
Under sultable circumstances, f1sh may
even be killed selectively accordmg to -
species. .

Pérsonal observation by competent
personnel, and also informal inquiries '

and discussions with local residents

will often yield information of‘real use, |
Many laymen are keen gbservers,

although they do not always understand
what they are seeing. The organized

creel census technique yields data on

what and how many fish.are being

caught, . S
. , -
Angling remains in its own right a very

good technique in the hands of the skilled
practitioner, for determming what fish

are pregent. Spear-flshing also 1s now

being used in some. stu.dies. . ¢

Fish and other nekton’are often tagged

to trace their movements during = - .
migration and at other times. Minia-

ture radio transmitters can now be

attached or fed to fish (and other . ©
hich enablé them to be ., '
tracked over, considerable distances.

. trasted to chemical and physical sampling)
on board boats differs

Physiolagiéal information is often
*  obtained in this way. This is known as
telemetry (remote sensing).

vio SPECIAL REQUIREMENTS ON BOATS

{ .
Handling biological cogectlons (as con-

ith the size of the -
craft and the rhagnitude of operations.

Some péssible items are listed below. T
Hoisting and many other types of gear are

used in common with other types of .
collection, and will not be listed. :

i

A  Special Labgi‘atory Room(s)
B Constant flow of Clean water for

"cultufing organisms. (Selection of
materialg.and design of a system to. . .
insure non-toxic water may be very

. troublesome but very important. )

.

Live Box built into ship at water level

Refrigeration System(s) '
1 For controlling temperature of “
experimental organisms in.
laboratory. { £ C

2  For deep:freezing and storage of
» gpecimens te be examined later.
~ . . F

Storage Space (Unrefrigerated)

_ Facilijies for the safe storage and use
of microscopes and other laboratory
equipment. .

L 4

Factlittes for the safe storage and use
of deck equipment.

Administrative access to\the Captain

and Technical Leader in order to
coordinate requirements for biological
collection (such as a slow plankton tow)
with those for other collections, ‘ \,

I  Safety of personnel working.in and.
around boats,.as well a8 in other field
activities should be deriously con-
sidered and promoted at all times.

S2;
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IX .OTHER TYPES OF BIOLOGICAL Life preservers(jacket type work vests) should
FIELD STUDIES INCLUDE be worn at all times when on or near deep water,
) Boats should have air-tight or foam-filled com-’

A  Productivity St&'gies of Many Types . | | partments for flotation and be equipped with
| | fire extinguishers, running lights, oars, and
: B Life Cycl¢ and Management -| anchor. Cpast Guard regulations should always .-
o , I - | be observed. All boat trailers should have two
- C 'Distribution of Sport or (potentially) rear running awd stop lightg and turn signals _» -
~ Commercial Spec1ep ' and a lidense plate illuminator, Trailers.2 meters’
a2 & ‘ ) : B (wheel to wheelj or more wide should be equipped
. D' Scattering Lay¢rs-and Other Submarine _ with amber marker lights on the front and rear ‘
\ - Sound Studieg of the frame on Woth sides. , .
E/Ayt'ficial Culture of Marine Food Crops, Laboratories should be provided with fire
by . . extinguishers, fume hoods, and eye fountains. .
F R?.d_fog ctive Uptake T Safety glasses should be worn when mixing °
G Growth of Surface-Fouling Organisms c_langerou? chemicals: and preservatives )
'* H Marine Borers ) . : .
' ' . ‘ X1l  BIOLOGICAL METHODS
B I Dangerous Marine Organisms . . , « oy
. ) Bioldgical methods and gamples are in . \
J  Red Tides - ‘ many ways analagous to chemical metho&?s
d samples. "They are.unique however in
K Others . . \any other ways especially so because of ,
. ) . - 1".nh_erent biological variability. * .
- X SOURCES OF COLLECTING A The organisms are nearly always °
*  EQUIPMENT. . distributed non-randomly. . . PR
Many specialized items of biological " B There i much seasonal variation. ‘ -
. . ) v X .
collecting equipment are not available . :
from the usual laboratory supply houses, <+ C ~There is much diel periodicitys(24 hour - ,
° Consequently, the-American Sociéty of -0 activity periods).
- Limnology and Oceanography hag compiled ) . S
a list of comipanies handling siich items D. Properly handled and preserved, they .
“and released it as "Special Publication ) miay retain their integrity indefinitely.
No. 1, Sources of Limnoligical and A ) s
Oceanographic Apparatus and Sugplies. " .E  Most biplogical samples require a )
Available from the Secretary of the Society. ° * biologist to collect. . ‘ 7
& :_ . Q L)
XI SAFETY " < . .
The hazards associated with work on or near “ ) "

water fequire special consideration. Personnel
- shiould not be asgigned to duty alone in boats, . ' ; )
and should be competerit in the use of boating . 5 s
equipment (courses are offered by the U, S. ' -
Coast Guard), Field training should also include -
instructions on the proper rigging and handling - T
of biological sampling.gear. ' A ’ - .

s
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THE AQUATIC ENVIRONMENT .

. Part 1: The Nature and Behavior of Water

X . . e )
I INTRODUQTION - - forms, but also with living organisms
' and the infinite interactions that occur
The earth is physically divisible into the between them and their environment. e
lithosphere or land masses, and the N . )
hydrOSphere which includes the oceans, C Water quality management, including
‘lakes, streams, and subterranean waters, pollution -control, thus looks to all
and the atmosphere. o branches of aquatic science in efforts ,
- «. ~~\ to coordinate,and improve man's
A Upon the hydrospere are based a number ) relationship with his aquatic environment.
of sciences which represent different : A . s
‘approaches. Hydrology is the general
science of ‘'water itsélf with its various E/\ :
special fields such as hydrography, ‘-0 SOME FACTS ABOUT WAT /_\
. hydraulics, etc. These in turn merge . 24 .
into physical chemistry and chemistry. A Water is the only abundant liquid on our
planet. It has many properties most
B” Lunnolog and oceanow &)mbine unusual for liquids, upon which depend
. aspedéts of all of these, and deal'not only - most. of the familiar aspects of the world
with the physical liquid water -and its about us as we know it. (See Table 1)
various naturally occﬁrrmg solutions and '
A Y o . ) -

\ TABLE 1

-

v ) . g UNIQUE PROPERTIES OF WATER . ..

© .

Property Significance .
- ngbest heat capacity {(specific heat) of any Stabilizes temperatures of organisms a und
. . solid or liquid (except NH, ) . ,  geographical regions CaE
-~ nghut htent heat of funl.on (excepl N'H ) Thermumlc effect at freezing point w e

mghut heat of evaporation of m,y nubltanco : Imporunt in heat and water u-alufor of
a . - o . atmosphere .

v . ‘ fod -r v
4 The only substance that has its maximum . Fresh and bnckﬁ'}l waters have maximum
/ , density as a liquid (40C) density above freezing point, This is .
: . . important {n vertical c}rcuhuon pattern
in lakes, "

. .~ : _H'lgﬁalt surface tension of any ltqutd . Coatrols surface and drop phenomena,
. ’ L. _ o important in cellular physiology

. , ,  Dissolves more substances in greater -~ - - quel complex bfological system possible.
» quamlty than lny-oﬁur Hquid ,Impomu for tnnlpo;uuon of materials >
& in solutfon, ’ .
b : r
-— *

"Pure water bas the highest di-elactric \ Lco,dn to high dissoclation of inorganic
i counstant of W‘“ ’ substances in solution

O e - *
Very little electrolytic dissociation . ) Neutrgl, yet eouh!gg both H+ and OH ions ,

Absorbs much enargy in infra red and ultra, -
violet, mxn, but little in mtblo range,
- . Hencé "colorless” -

) Relatively transparent '~

.
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- B Physical Factors of Significance

LY

1 Water subsfance

Water is not simply "H,0" but in

reality is a mixture of some 33 .

different substances involving three

isotopes each of hydrogeh and oxygen

(ordinary hydrogen Hl , deuterium %

o ‘and tritium H3; ordinary oxygen O1

- - oxygén 17, and oxygen-18) plus 15

known types of ions.- The mglecules
of a water mass tend to associate
themselves as polymers rather than

: to remain as discrete units,

(See Figure 1) S

~

- 4
SUBSTANCE OF ‘PURE WATER

29229222
222222222
©00RPPBDY -
v %%%®@g

v Figurel -
\

‘" 2 Density .

a Temperature and density: Ice.
Water is the only known substance
in which the solid state will ﬂoat
on“the Hquid state, (See Table*z)

»

iy

o .
“w B,

. e
TABLE.2..
EFFECTS OF TEMPERATURE ON DENSITY" |-
OF PURE WATER AND ICE* C
. N .
Temperature (°C) Density R ¢ \\
o Water Ice** | :
-10 . 99815 .9397
-8 . 99869 .9360 - |~
-6 .99912 .9029
-4 . 99945 .9217
-2 .99970 .9229
0 .99987---~ .9168 ...
2 . 99997 N e
4 1.09000 S
6 .99997 . "
8 .90988 -
10 .99973 ‘
20 .99823
“40 .99225 ‘ .
60 .98324 ¢}
80 .97183 ,
100 .95838

-

2

* Tabular values for density, etc., represent .
estimates by various workers rather than |°
absolute values, due to the vanability of
water,

Regular ice is known as "ice I'. Four or.
more other "forms" of ice are known to

. exist (ice II, ice HI, etc.), having densities
at 1 atm, pressure ranging from 1,1595

to 1.67. These are of extremely restricted
occurrence and may be ignored in most :
routine operations,

;e

re Iy

-

This ensures that ice usually.
forms on top of a body of water | .
and tends to insulate the remain- |
ing water mass from further los {
= . .« of heat. "'Did ice sink, there 4
could be little or ng caxryover of i
aquatic life from season to seasor;l
in the higher ldtitudes. Frazil or,
needle ice forms-colloidally at a J
few thousandths of-a degree -
below 0° ¢, It i&adhesive and" '
may build up on submerged.objects
as "anchor ice", but it is still
typical ice’(ice I). 3 e
~ . N
S :
6 J
i

t
I
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i
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1) .Seasonal increase in solar, ) - Mineral~rich water from the
radiatio,n annually warms hypolimnion, for example,
surface waters in summer . is mixed with oxygenated -
. while other factors result in . water from the epilimnion. oL
winter cooling. The density . This usually triggers a
. differences resulting establish sudden growth or "bloom"
two, classic layers: the epilimnion . " of plankton‘organisms. .
o surface layer, and the J ’ ’ /
hypolimnion or lower layer, and . 6) When stratification is present, |
. _in between is the thermocline ' however, each lager behaves
or shear-plane. ¢ " relatively independently, and
. . significant quality differences ¢
2), While for certain theoretical , - may develop. v o
v purposes a "thermocline" is ) ' : ‘
. defined as a zone in which the " 7) ‘'Thermal stratification as
temperature changes one . ‘described above has no
degree centigrade for each reference to the size of the _
meter of depth, in practice, water mass; it is found in
any transitional layer between . oceans and puddles.
two relatively stable masses . -
‘ of water of different temper- , ‘b The relative densities of the
- atures may be regarded as a g various iSotopes of water
thermocline. , * influence its molecular com-
p NN » position, For example, the
32§70bviously the greater the . . lighter O16 tends to go off
v temperature differences e " first in the process of evaporation,
between epilimnien and leading to the relative enrichment .
hypolimnion and the sharper of air by O} g and the ennchmenf
the ‘gradient in the thermocline, - . of water by Oy and-O 18- This'
the more stable will the can lead to a measurab]y higher N
situation be., . . . 0Ojg content in warmer climates.
. . .. . + _ Also, the temperature of water
4) Frorfx mformat.mn given above, - " in past geologic ages can be )
it phould Be evident ﬂ_‘at while clpsely estimated from the ratio .
/-‘f’ 1}:‘he t;mperature of t:e of Oyg in the carbonate of mollusc
, hypolimnion rarely drops . shells. .

* ‘much below 4° C, the

’ gg11én:1mon r;xay range from * ¢ Dissolved and/or, suépended solids
pward.... - ) may also affect the density of
natural water masses (see Table 3)

“ob

5) When epilimnion and hypolimnion . .
: achieve thfa same temperature, ' TABLE 3 .

strati.f?catl.on no longer exists, - EFFECTS OF DISSOLVED SOILIDS
The entire body of Water behaves . . ON DENSITY

. hydrologically as a unit, and .

» tends to assume uniform chemical Dissolved Solids Density )

" and physical characteristics. _{Grams per liter) (at 40C)
Even a light breeze may then 0 1.00000 .
‘cause the entire body of widter i 1 ) o . 1.00085 - « :
to circyhte. Such events are called - ‘ X
overturns, and usually result in 2 .~ 1.00169 -
water quality changes of consider= 3 - ’ " 1.00251

able physical, chemical, and ™
biological significance.
. i

10 © . . "1l00818, -
‘35 (mean for sea water). 1,02822"'

—I’\ v é
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d Types of density‘ stratification

ﬁ\) Density differences produce
strhtification which may be
permanent, transient, or -
seasonal, \

\ .2) Permanent stratification
o _ exists for example where
: _ there is a heavy mass of
"% _brine in the deeper areas of
_ a basin which does not respond
to seasonal or other changing
conditigns.
. 3) Transient stratification may
' occur.with the recurrent
influx of tidal water in an
estuary for example, or the
<o occasional influx of cold
muddy water into a deep lake
or reservoir

4) Seasonal stratification is
typical]y thermal in nature,
and involves the annual
establishment of the epilimnion,
- hypolimnion, and thermocline
as described above.

_5) Density stratification is not
limited to two-layeredesystems;
three, four, Or even more
layers may be “encountered in
larger bodies of water.

e A 'plunge line" (sometimes called
" "thermal line") may develop at
_ the mouth of a stream, Heavier
. water ﬂowing into a lake or

)

*  This is important not only i%ﬁ situations

\ involving the control of flowing water

as in a sand filter, but also since

overcoming resistance to flow gen-

: erates heat, it is significant in the.
heating of water by internal friction
from wave and current action.

Living organisms more easily support
themselves in the more viscous

(and also denser) cold waters of the
arctic than in the less viscous warm
waters of the tropics. (See Table 4).

TABLE 4 '

.

VISCOSITY 'OF WATER (In millipoises at 1 atm)

Dissolved solids in g/ L

Temp. 9 C 0 "5 10. | .30
-10 26.0 R s --e-
-5 21,4 | cemm | -mm | oo

0 17.94 | 18,17} 18.24 | 18:7
5 | 15,19 |15.3 | 15.5 | 16.0
10 - 13,10 | 13.2 | 13.4 | 13.8

. 30 800 | 81 | 82 | 8.6
100 2,84 | n~- | ---- —.--

4 Surface tension has biological as well
as physical significance. Organisms
whose body surfaces cannot be wet by
water can either ride on the/ﬂr@.ce
film or in some instances may be
"trapped" on the surface film and be
unable to re-enter the water.

. " reservoir plunggs below the -
lighter water mass of the epiliminium
to-flow along at a lower level. "Such
a line is usually marked by an

. -accumulation of floating debris.

5 Heat or energy

Incident solar radiation is the prime
source of energy for virtually all
organic and most inorganic processes -
. onearth, For the earthasa wh'ﬁéle
the total' amount (of energy) received
annually must exactly balance that
lost by reflection and radiation into,

g Stratification may be modified
" or entirely suppressed in some *

cases when deemed expedient, by-

{ means 'of a simple air-ft.

N space if climatic and related con-
3 The viscosity of water is greater at gf;:r:nﬁi;g r:: ologi cr;l;t:vely_
.- Tower temperatures (see Table 4). D g ‘ ) -
b, - . .
Nogm -
: < D 8 . ‘\\




The Aquatic Environment

a For a.given body of water,
immediate sources of energy
inglude in addition to solar
irradiation: térrestrial heat,
transformation of kinetic energy
{(wave and ‘current action) to heat,
chemical and biochemical
reactions, convection from the
atmosphere, and condensation of
water vapor.

The proportion of light reflected
depends on the angle of incidence,

" the temperature, color, and other
_qualities of the water; and the
presence or absence of films
of lighter liquids such as oil.

In general, as the depth increases
arithmetically, the light.tends to:
decrease geometrically. Blues,
greens, and yellows tend to
penetrate most deeply while ultra
violet, violets, and orange-redsg
are most quickly absorbed. On

the order of 90% of the total
illumination which penetrates the
surface film is absorbed in the .
first 10 meters of even the clearest
water, thus tending to warm the
upper layers.

6 Water movements

o

a Waves or rhythmic movement’

1) The best known are traveling .
waves caused by wind. These are
effective only against objects near
the surface. Theyhave little )
effect on the movement of large’
masses of water.

Seiches

Standing waves or seiches occur
in lakes, estuarles, and other

enclosed bodies of water, but are’

geldom large enough to be
observed. An "internal wave or
séich' is an-oscillation in a
submersed mass of water such
as a hypolimnion, accompanied
) by compensating oscillation in the
* overlying water so that no

’

significant change in_surface
level is detected. Shifts in
submerged water{masses of

this type can havq severe effects
on the biota and alSo on human .
water uses where withdrawals
are confined to a given depth.
Descriptions and analysés-of
many other types and sub-types
of waves and wave-like movements
may be found in the literature.

b Tides

-

1) Tides are the longest waves
known, and are responsible for
the once 'or twice a day rythmic
rxse and fall of the ocean level

. oh most shores around the world.
1)
While part and parcel of the
same phenomenon, it is often
convenient to refer to the rise
and fall of the water level as *
"tide, " and to the resulting
currents as "tidal currents."”

#

Tides are basically caused by the
attraction of the sun and moon on
water masses, large and small;’
however, it is only in the oceans
and possibly certain of the larger
lakes that true tidal action has
been demonstrated. The patterns
of tidal action are enormously
complicated by local topography,
interaction with seiches, and other
factors. The literature on tides
is very large.

~

¢ Currents (except tidal currents)

_are steady arythmic water movements
" which have had major study only in
oceanography although they are .
most often observed in rivers and
streams. They are primarily
concerned“with the, translocation of

water masses. -‘They may be generated ' »

internally by virtue of densijy changes,
or externally by wind or teryestrial
topography. Turbulence phenomena
or eddy currents are largely respon-
sible-for lateral mixing in a‘current.
These are of far more importance
in the economy of a body of water than
“mére laminar flow.

-
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d Coriolis force is a result of inter- *  depend on the depth of the water,
’ ! action between the rotation of the the velocity and duration of the
earth, .and the movement of masses . wind, and other factors, The net
or bodies on the earth, The net ‘ N result is that adjacent cylinders A
result is a slight' tendency for moving ' tend to rotate in opposite directions
: objects to veer. to the right in the ’ like meshing cog wheels. Thus
L Jporthern hemisphere, and fo the™ the water between two given spirals
- . fleft in the southern hemisphere. S may be meeting and sinking, while
While the result in fresh wateks is that-between spirals on either side -
- . » usually negligiblé, it may be gon- . . - will be meeting and rising. Water
siderable’in marine‘waters. For over the sinking, while that _between
example, othér factors permitting, spirals on either side will be meet-
‘ there is a tendency in estuaries for \ ing Wnd rising. Water over the
fresh waters to move toward the sifking areas tends to accumulate °
~~ ocean faster along the right ba.nk flotsam and jetsam on the surface
. while salt tidal waters tend to . in long conspicuous lines.
. intrude farther inland along the. __ ~
left bank, Effects &re even more a This phenomenon is of consider-
dramatic in the open ocea.ns.‘ . able importance to those sampling
el for plankton (or even chemicals)
.. e Langmuire spirals<(or muire | _ near the surface, when the wind
. circulation) are & relatively L is blowing, Grab samples *from
- massive cylindrical on imparted either dance might obviously
to surface waters under the influence * ' differ considerably, and if
L. of wind, The axes of the" cylinders a plankton tow is contemplated .
,',‘n R are parallel to the direction of the . it should be made across the
e wind, and their dep“th and velocity T .wind in order that the net
. . . . may pass through a succession

of both dances.

ey,

. WATER WATER
‘ . BISING SINKING

, " Figure 2. Langmuire Spirals . _
h. Biue dance, water Fising. r. Red

| + dance, water smkmg, floating or |
7 swimming objects concentrated. - R

v

O . gog | o o 60
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b Langmuire spirals are not . REFERENCES
usually established until the
wind has either been blowing 1 Buswell, A, M. and Rodebush, W. H.
for an extended period, or Water. Sci, Am. April 1956.
’ else is blowing rather hard. .
Their presence can be.detected 2 Dorsey, N. Ernest. Properties~of-
by the lines of foam and Ordinary Water - Substance.
other floating material which Reinhold Publ. Corp. New York.
N coincide with the direction _ pp _1-673. 1940, ' 3
- " T T ~of the wind*'“ - T T o T
R 3 Fowle, Frederick E. . Smithsonian
' . Physical Tables. Smithsonian ,
6 The pH of pure w‘ater-has been deter- M1scellaneous Collectmn, 71(1),
mined between 5.7 and 7. 01 by various “7th revised ed.,; 1929.
workers. The latter value is most . .
widely accepted at the present ﬁfne' 4 Hutcheson, George E. A Treatise on
. [Natura].. waters.; of course vary widely Limnology. John Wiley C ompany
. X accordipg to circumstances, 1957. . ' .
- C. The elements of hydrology mentioned o . R .
e above represent a selectioh of some of ¢
.. the more conspicuous physical factors.
involved in working with water quality.
Other items not specifically mentioned

include: modleeular structure of waters, .
interaction-of water and radiation, . s

. internal presgure, acoustical charac- ‘ ) '
teristics, pressure-volume-temperature .- . N
relationships, refractivity, luminescence,’ ) . ‘
color, dielectrical characteristics and

phenomena,’ solubility, action and inter- - RN
T, actions of gases, liquids and solids, L
water vapor, phenomena of hydrostatics : ' -
and hydrodynamics in general. , . -
3 R - - ) 1
“ 3 &
> . i
, ' ,
1 . e
o}
- .- R
. - v
- . K
|
- - ‘)
v‘.’ . o . "
3 ‘ . ) 3
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‘1 INTRODUCTION' -

Part 1 introduced the lithogphere and the
« hydrospliere, [Part 2 will deal with certain

_general aspects of the biosphere, or the_ .~
sphere of life on this earth, which photo-
graphs from space have shown is a finite,

globe in infinite space.

®

\

This 'is the habitat of man and the other-.

organisms, His relationships with the ~
aquatic biosphere are our commori concern.

\

THE _BIOLOGICAL NATURE OF THE
WORLD WE LIVE IN

¢

B

t

A We can only imagine what this world .

must have been like before there was 11fe.
The world as we know it is largely shaped
by the forces of life.

s 1

,1 Primitive forms-of life created organic *
matter and established soil.

Plants cover the lands and enormously
influence the forces of erosion,

The nature and rate of erosion affect
the redistribution of materials.

(and mass) on the surface of the

eath (topographic cha.nges).

Y

.-

rgamsms tie up vast quantities of
certain chémicals, such as carbon ’
and oxygen.

~
"4
<«

Respiration of plants and animals

N . releases carbon dioxide to the . .
S atmosphqre in inﬂuential quantifies.'

CO, affects the ‘heat transmission of |
the“atmosphére. R

o Jy c Organisms respond to and in turn affect
"*«s:.their environment., Man i3 one of the
most influential, T

-

>

¥ e

-~
.

< and digest organic matter, releasing

Via

Part 2: The AquaticLEnvironment asan Ecosystem

oI . ECOLOGY IS THE STUDY OF THE . '

INTERRELA TIONSHIPS BETWEEN*
ORGANISMS, -AND BETWEEN ORGA-_
NISMS AND THEIR ENVIRONMENT

e -

r

A The ecosystem is the basic functional
unit of ecology. Any area of nature that
mcludes living organisms and nonliving
substances interacting to produce an
exchange of materials between the livihg '

~and nonliving paris constitutes an
N ecosystem. “(Odum, 1959)

»

1 From a structural standpoint, it is
convenient to Jrgcognize four
constituents as composing an *

« ecosystem (Figure 1).

e Y

v
.

a Abiotic NUTRIENT MINERALS
. which are the physical stuff of
which living protoplasm will be
synthesized, ’ e

" Autotrophic (self~nourishing) or
PRODUCER organisms. These
are largely the green plants
(holophytes), but other minor - ,
groups must aiso be ineluded by
(See Figure 2). They assimilate
the mitrient minerals, by the use
of considerable energy, and combine
them into living organic substance,

- ¢ Heterotrophic (other-nourishing) °
. CONSUMERS (holozoic), are chiefly

- the animals, They ingest (or eat)
.
considerable energy in the process,

d Heterotrophic REDUCERS are chiefly
- bacteria..and fungi that return- -
complex organic compounds back to
the original abiotic mineral-condition,
thereby releasing the remaining
chemical energy.

P

2 Froma functional standpoint, s I
* ecosystem has two parts (Figure 2) v .
T ge9 .
.. P
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*

NUTRIENT

P

‘a. The autotrophic or producter -
kN organisms, which utilize light
energy or the oxidation of in- . &i}
-organic compounds as their
sole energy source,

b The heterotropic or consumer

- " and reducer organisms which
. .utilizes organic compounds for :
- “its energy and carbon requirements.

3 Unless the autotrophic and hetero-
trophic phases of the cycle approximate
a dynamic equilibrium, the ecosystem
and the environment will change.

B Each of these groups includes simple,
sipgle-celled representatives, persisting -
at lower levels on the evolutionary stems
of the higher organismg. (Figure 2)

. e
1 These groups span the gaps between the
higher kingdoms. with a multitude of
transjtional forms. They are collectively
called the PROTISTA and MONERA.

.
»

EKC"IO Y -

wll Toxt Provided by ERIC

MINERALS. ._ S

"FIGURE'1

v P

- 'S .
- 2 These twdPgroups can be defined on * -
. the. basis of relative complexity of
structure.

a The.bacteria and t‘lue-green algae,
~ lacking a nuclear- membranefare
the Monera, 2o

S
b ' The single-celled #lgae and
protozoa are Protista. . ‘

. - L]

C Distributed throughout these groups will .
be found most of thé traditional "phyla"

of classic biology.
Pty . -

PO RVN

v FUNCTIONING OF THE ECOSYSTEM:

A A food chain is the trangfer of food energy
from plants through a series of organisms
with repeated eating and being eaten,

Food chains are not isolated sequences but
are interconnected, - :

63
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RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS

1

Energy Flows from Left tbeight, General Evolutionary Sequence is Upward “

PRODUCERS | ~_ CONSUMERS REDUCERS

Orga.n.ic Muerhl Produced Organic Material Ingested or ’ Organic Material Reduced

suall Sthesls. | Consumed by Extracellular Digestion
. u y by Photosynthesis . . Digesi d Eiiernally ang Intracellular Metabolism
R T LT S —— S . - __to Mineral Condition
ENERGY STORED ENERGY RELEASED ENERGY RELEASED
R . s
_Flowering Plants and * Arachnids Mammals . T
Gymnosperms Basidiomycetes
C Insects _Birds ) .
Club Mosses, Ferns Crustaceans . Reptiles £
Segmented Worms Afnphibians i .

Liverworts, Mosses Fung1 [mperfecti

. Molluscs Fishes :

Multicellular :Green Bryozoa : Png;:;ﬁat es ,

Algae Rotifers, | | i . )
. - Ascomycetes .
t Roundworms . Echinoderms .t -
Red Algae Flatworms
Coelenterates ’
- Higher Phycomycetes
Brown Algae Sponges
DEVELOPMENT OF MULTICELLULAR OR COENOCYTIC STRUCTURE
- ) . Protozoa .
*Unicellular Green Algae ’ Lower-
‘ Amoeboid Cilliated 5,
. Diatoms - . Phycomycetes
R . Flagellated Suctoria
Pigmented Flagellates {non-pigmented) . (Chytridiales, et.al.)

-~ -

DEVELOPMENT OF A NUCLEAR MEMBRANE

MONERA 3

Blue Green Algae” . ' (I | " ~Actinomycetes
- i ‘ Spirochagtes
Phototropic *teria 1 1. :
. ' - Saprophytic
. . l ' Bacterial 8
Chemotropic Bacteria 11 Types
L - . \ : l ‘ . -
o - FIGURE 2
BI.ECO.pl. 2a.1.69
. s
’ * h 8 4 ’
. N N - /
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B A food-web is the interlocldng pattern of
X food chains in an ecosystem. ((Figures 3, 4)
‘In complex natural‘communities, Qrganisms
whose food is obtained by the same numbgr
-* - of steps are gaid to belong to the same
,trophtc (feeding) leve], 5

C Trophj.c Levels

LY
Hrst;Gmm plants (producersy
(Figure 5) fix biochemical energy and

thesize basic organic sub ces,
. ‘R]is is ﬁle:ari.ma.ry production”, -

» : . -

D Total Assimilation

The amount of energy which flows throygh

a trophic level is distributed befween the
. production of biomass (living substance), .
and the demands of respiration (internal

energy use by living organisms) ina ratio

of approximately 1:10, )

Trophic Structure of the Ecosystem .
<o v

The interactidnroﬁfh{he; food chain
phenomena (with energy loss at each
transfer) results in various communities

2 Second - Plant eating animals (h rhivores) having definite trophic structure or energy
depend on the producer orgamsmeg\for" levels, Trophic structure may be
- food measured and described either in terms
. : of the standing crop per unit area or in
3 Third - Primary carnivores, animals terms of energy fixed per unit area per
. which feed on herbivores. unit time at successive trophic levels.
) N * Trophic structure and function can be Vo
- 4 Fourth - Secondary carnivores feed on. ’ shown graphically by means of ecological
. primary carnivores. ' pyramids (Figure 5). .
i} .
5 Last - Ultimate carnivores are the last -
— or ultuna.te level of consumers. 7 .
A ? ¢ ! . i
° - ‘ "‘ |
. " * R \ - -
. LI .
.’ S N > O ‘ ’
] NN ~
. : / / s \ . \ \ ~
‘ ﬁ / I NN ~ &
A ya l, N\ ~N < =0 Ar T
~ / Ve, " s h - 7
) T -= 4
v = T ~
g . 1) ? N '
AR G - -
, ) o " ...:'. - - ' ) e
. . - '.'. EE‘ - * l ‘ )
3 s
‘ . yJ d 3 ) -
\ R 3 ey
Yok o ..'.":.. .‘..". ....,... '_ .‘,‘:...:. P . ‘ T i . ) .
’ \
Figure 3. Dilgmn of the Basic uaits 576 83 follows: 1, abjotic subs ~—basic inorgefi®¥ and ,
uom—rooted vegetation; 1IB, producer:-phytoplankton. 1MI-1A, primary consumers .

organic
¢ {herbivores) -botton forms;. I11-1B, primary eonmnm
A\~ sivores); 111-9, tectiary consumees {secondary

c‘imivom); 1V, decom

herbivores) —zooplankton; 1112, sécon consumers (car-
( M) a%—bncteﬁn and fungid:;ydmy.

4 : " ~ .
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’

Decomposers “ ,: ., Carnivores (Secohdary)
Carnivores (Primary
Herbivores
: ' ! Producers l
. (b) ’
7 fﬂ]
L ]
| l

M7 7 I I T I1T1

Figure 5. HYPOTHETICAL PYRAMIDS of
(a) Numbers of individuals, (b) Biomass, and
(c) Energy (Shading Indicates Enérgy Loss).
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V BIOTIC COMMUNITIES,

A Plankton are the ma.croscopic and - .

. microscopic animals, plants, bacteria,
ete., ﬁoating free in the open water,
Ma.ny clog filters,, cause tagtes, odors, “#.
a,nd other troubles in water supplies.

Eggs and larvae of largen forms are , ’ :.‘

often present . e : *

»

1 PhytOpb.nktqn are pﬁ.’nt-like. »These .
, arethe dorainant producersg the |
+# Waters, fresh and saljy" "the Grass | “

.of the seas Tq(" . % , ..
2 _Zooplgnkton are apimal-like. -
. Includes many digérent anim#l types,

+ range in gize from minutq;zrotozoa

. tb gigantlc rnarine je fes,.. .~

o A

/B Pexlphyton (or Aufwuchs) Th‘e communifies
of microscopic organisms associated with
submer ged surfaces of any type or depth,

»

%/‘///f///]/l/ﬂ////l -

Includes bacteria, algae, protozba, and
other microscopic animals, and often the
*young or embryonic stages of algagand.
other organisms that normally grow up

to beeome a part of the benthos (see below).

Many planktonic types will also adhere .

to surfaces as periphytorj, and some ~
typical periphyton may break off and o
be tollected as plankters. . .

C Benthos”a/ re the plants and apimals living
on, in, or closely associated with the
bottom. They. include plants and
invertebrates., -

D Nekton are'the community of strong
aggressive swimmers of the dpen waters,
often called pellagic. Certain fishes,
whales, and invertebrates such as
shrimps and squids are included here.

E The marsh community is based on larger\,
. Hhigher" plants, floating and emergent.
Both marine and freshwater marshes are
areas of enormous biological production.
Collectively known as "wetlands", they
"bridge the gap between the waters.and the
dry la.nds

i\ N

A

Vi PROD.',('JCTIVITY
;A VThe biological resultant of all physical
» ¥ and chem1ca1 factors, in the quantity of
*+ » .life that may actually be present The
7 .. ability to produce this""biomass" is
1"~ often referred to as the "productivity"
‘of & body of~watér. This is neither good
- nortbad per ses A VIater of low pro-
 ductivity is a ''pdors water biologically
. . and also a relatively "pure''or "clean'
¥ -water; heqce desirable as a water supply
or a bathing beach.! A productwe water
on the other hand méy be a: nuisance to -
man or highly dedirable, It is a nuisance
if foul odoxs and/or wéed-chocked
) waterways r@sult, it is desirable if
: - bumpets crops® of. bass, catfish, or
‘oysters.are produced Open oceans have
a low level of produeﬁvity in ‘general,

» ot * ‘. .‘- ‘ . ¥ J
. . .
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health hazards for humans and:aquatic li!e.

Compounds besjdes being toxjc (acutely or '

o - - The Aquatic Environment .o
3 . - RO - , ° - @ ~ ’
7 . . . . s 4 i v o . N
VII ‘PERSISTENT CHEMICALS IN THE L a Oysters, for ipstance. will con~
ENVIRONMENT - : ‘ S centrate DDT. 70, 000 times ‘higher
! : in their tissues than it's concentration
- Incrmingly complex m_annfacturing-ppocesser-—— “in surrouhging water, They. can -
"~ coupled with rising industrialization, create - - »algo partially cleanse theniselves , .,

‘in water free of DDT. . -
o Ty, -

* b Fish feedj.r}g on lower organisms * )

chronic) may produce mutagenic effects »  build up concentrations in their -~

including csncer, tumors. and teratogenicity .
(embryo defects)n Fortunately there are-tests, ‘thousand' parts per million-and levels~.
such as the Amis test, to screen chemical .

v1scer§.1 fat which may reach several .

“in their edible flesh of hundreds of e

compounds for these effects. . ‘parts per million, ~ R

. N .
: . N A
« i 1 i o

¢ Larger-animals, such as fish-eating

A Metals - current levels of cadmium, lead : :
€ { ’ . gull d other birds, ¢an-further
and other substances congtitute a mount- ° s an S 3
p § - - concentrate the chemicals. A survey »
i;llfnf:oncern. Mercury pollution; as at on organochlorine.residueg in aquatic
imata, Japan has been fully documepted. . birds.in the Canadian prairié provinces
. o . . . , showed that California ant ringsbilled °. .
. B Pesticides - ' gulls were among the most contafmnated.
. - . Since gulls breed in colonies, Qreedmg
1 A pesticide and -its me'tabohtes may . . population changes can be detected and |
move through an ecosystem in many . . related to levels of chemical con- + e
ways. Hard fpest1c1‘des which are o tamination, Ecological researchon- = *
persistent, having a long half-life in - L . colonial birds to monitor the effects - C
the environment includes the organo- " . ,of chemical pollution on the environ-" <
- . chlorines, ex., DDT) pesticides . , L f, ment is useful, T co .
ingested or otherwise borne by the’ . ., ' I :
target<species will stay in.the \ "
k- osmf;lyyto bevecicled . | C "Polychlorinated biphenyls" (PEB'S). .
> m ' Y PCB's were used in plasticizers, asphalt
or ntrated further throtgh the -
’ natural action of food*chains if the ink, paper, and a host of other products.
' ; + Action was taken to curtail their release o

.o
o
-

species is eaten. Most of the volume

f
of pesticides do not reach theyr t,arget to the environment, sinee their effects.

are similar to hard pesticides. However

atall. . o ® . o . * this doesn't solvé the problems of con- .
X X . X ) . taminated ‘sediments and ecosystems and )
B1olog1cal magmficatmn o final fate of the PC B's still circulating. ?

.

Init1a11y. lowy levels of persigtent" ﬁ" There are mumerous other compoun ds -

pesticides in air, seil, and water may
be concentrated at every step-up the ,,__which;re toxic_ and accumulated in the
food chain. Minute aquatic organisms . . ecosyatem. . .
and scavengers, §hich screen water and < ) o :
bottom *nud having pesticide levels of a N . . .
few parts per.billion, can accumulate ., o s Co
levels measured in parts per million—a . . . )
thousandfold increase. - The sediments ’ { .
including fecal deposits are continuously |, .9 : ",

recycled by the bottom anim R . ’ .

e
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Part 3.  The Freshwater Environmeént '

.
°

KN

¢

I INTRODUCTION ’ ) During periods of run-off after a
: g ) * +* rain-or snow-melt, such a gulley
The freshwater environment as considered would have a flow of water which
herein refers to those inland waters not : might range from torrential to a
detectably diluted by ocean waters, although mere trickle. Erosion may proceed
the lower portions of rivers are gubject to *_ rapidly as there is no permanent
certain tidal flow effects. aquatic flora or fauna to stabilize .
P ‘ streambed matérials. On the other
Certain-atypical inland waters such as saline hand, terrestrialgrass or forest
. or alkaline 1akés, springs, etc., are not growth may retard erosion. When |,
treated as*the ma.in.objective here is typical the run-off has passed, howéver, .
inland water. - - ) the "streambed" is dry. .. .
All waters have certain basic biological cycles 2 Youthfu] st{'eams. When the -
and types of interactions most of which have streambed is eroded below the ‘
already been presented, hence this outline . ground water level, spring or
will concentrate on aspects essentially - seepage water enters, and the .
peculiar. to fresh inland waters. stream becomes permanent. An
. ~ ) aquati¢ flora and fauna develop/
. and water flows the year round. ‘ )
I "PRESENT WATER QUALITY AS A . Youthful streams typically have a e
FUNCTION OF, THE EVOLUTION OF - . ‘relatively steep.gradient, rocky beds,"
L " FRESH WATERS . ° with rapids, fall.s, and small.pools..
A The history of a body of water determines . 3 Mature streams, Mature streams S,
its present condition, "“Natural waters have _ have wide valleys, a developed
evol‘ved in the course of geologic time flood plain, are deeper, more
into what we know today. ° . - turbid, and usuyally have warmer :
A e . water, sand; mud, silt, or clay .
B Streams | . bottom materials which §hift with
E ° “increase in flow. In their more \ ¥
In the course of their evolution, streams favorable reaches, streams in this .
- in general pass through four stages of ) o condition are at-a peak of biological.
" development which may be called: birth, - St productivity. Gradients are moderate,
. youth, matulrity, anduold age. _ riffles or rapids are often separated
= by long pools
‘These terms or conditions may be , . »
employed or congidered in two contexts: . 4 Inold agh, streams have approgched
temporal, of spatial. .In terms of geologic , ) _geologic base level, usyally the X
time, a given point in a stream may pass. . acean. Duringtflood'stage they scour
through each of the, stages described below ) their beds and deposit materials on,
R .. or: at any given time,. these various stages the flood plain which may be very
RN of development can be loosely identified broad and flat, During normal flow
' @& in successive reaches ofa stream travelinq the. channel is refiiled and many . .
] from its headwaters to base level in ‘ocean shifting bars are developed. Mea.nders
‘ or major lake, ) . : ' and ox-bow lakes are often formed.
I 1 Establishment or birth. This - - . !
- L might Ye a "dry run" or headwater L
‘ : " _ streanicbed, before it had eroded - , C »

-~  down to the level of ground water,
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. C Lakes and Reservoirs

{Under the inﬂuenz( f man this
pattern may be brokerrup, or- -
temporarily interrupted. Thus an
_esSentially "youthful" stream might
B fake on some of the characteristics
of a "mature" stream following soil
erosion, drganic enrichinent, and
increased surface runoff.
of these conditions might likewise be

Correction

followed by at least a pa.rtial reversion

_~t6 the "original" condition).

.
»

Geological factors which significantly

affect the nature of either a stream or

lake include the following:. -

1 The geograpmcal Jocation of the
drainage basm or watershed

2 The size a.r‘fd' shape of the drainage .
basin. .

3 The general topog‘raph_y, i.e.,
mountainous or plains. .

e

. 4 The character of the bedrocks and

goils.

5 The character, amount, annual
distribution, and rate of precipitation,

"6 The natural veggtative cover of the*

land, is, of course, responsive to and’
responsible for many of the above
factors and is alsg geverely subject

- to the whims of civilization. This
ig one of the major factors determining
> run-off versus soil absorption, etc.

‘

" . D Llakes have a developmental history which

L)

somewhat parallels that of streams. This
process is often referred to as natural -

eutrophication, .

~ [

1’ The 'methode of formation vary greatly,
‘but all influence the character and
subsequent history of the lake. d

In glaciated areas, for example, & - -
_huge block of ice may have been covared
with till, The glacier retreated, the

e ice melted, and the resulting hole :

L

——

*

became a lake. Or, the g]acier may
actually scoop out a hole. Landslides

‘may dam valleys, extinct volcanoes may-

collapse, etc., etc.

2 Maturing or natural eutrophicauon of
- lakes.

a If not already present shoal areas
are developed through erosion
atid deposition of the shore material
by wave action and undertow.

b ‘Currents produce bars across bays
'and thus cut off irregular areas.

c Silt brought in by tributary streams
settled out in the quiet ]ake water

d Algae grow attached to surfaces.
and floating free as plankton., Dead
organic matter begins to accumulate
on the bottom.
»
e Rooted aquatie plants grow on
shoals and bars, and in. doing so
cut off bays and contribute to the
filling of the lake.

~
.

f__Dissolved carbonates and other
materials are precipitated in the
deeper portions of the lake in part
, " through the action of plants.

. /‘ g When filling is well advanced

-

¢

.

\

oy 1 dgt concurrently)

mats of sphagnum moss may- -extend
outward from the shore, These
mats are followed by sedges and
grasses which finally convert the
lake into a marsh.

- Y

-
. -

¥ Extinction of lakes. After lakes reach

maturity, their progress toward

"extinct through -
a The downcutting of the outlet... - |
b Fi.lli.ng with détritus eroded from *°
the shores or brought in by " )
. tributary streams.
¢ Filling by the accumulation of the
remains of vegetable materjals .
growing in the lake itself.
(Often two or three processes may

d e

filling up is accelerated. They become ]
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I PRODUCTIVITY IN FRESH WATERS

A Fresh waters in general and under
natural conditions by definition have a
lesser supply of dissolved substances

*than marine waters, and thus a lesser
basic potentlal\ for the growth of aquatic
organisms. By the same token, they
may be said to be more sensitive to the
addition of extraneous materials
(pollutants, nutrients, etc.) The
following notes are directed toward
natural geological and other environ-
mental factors as they affect the
productivity of fregh waters.

B Factors Affecting Stream Productivity
‘(See Table 1)

T

TABLE 1

EFFECT OF SUBSTRATE ON STREAM

(

2 As the stream flows toward a more
"mature" condition, nutrients tendto -
accumulate, and gradient diminishes
and so time of flow increases, tem-
perature tends to increase, and
plankton flourish.

K
Should a heavy load of inert siit
. develop on the other hand, the
,turbidity would reduce the light ®
penetration and consequently the
general plankton production would
diminish. ,

3 As the stream approaches base level
(old age) and the time available for 2%
plankton growth ircreases, the
balance between turbidity, nutrient
_ levels, and temperature and other
. seasonal conditions, determines the
_overall productivity.

C Factors Affecting! the Productivity of
lakes (See Taple 2)

1 ‘'The size, shape, and depth of the
lake basin. Shallow water is more
productive than deeper water since
more light will reach the bottom to °
stimulate rooted plant growth., As’

‘ Broad shallow lakes and reservoirs

PRODUCTIVITY*

(The 'ductiv:lty of sand bottoms is

taken as 1) :

. Bottom Material V%ﬁ},ad%‘é%vﬁy
Sand. . : 1
Marl 6
Fine Gravel 9
Gravel and silt . - 14

. {Coarse gravel 32
Moss on fine gravel 89
Figsid s (moss) on coarse { 111

.1 °  gravel .
%unculus (water buttercup) 194

atercrgss . . 301 .
[Elodea (waterweed) - . 452
*Selected from /Tarzwell 1937

To be productive of aquatic life, a
~ stream must provide adequate nutrients,
{/‘liglﬂ, a suitable temperature, and t:lme )
for growth to take place. %

1 Youthful streams, especially: on rock
or saiid‘substratep are low in essential
nutrients. Temperatures in moun-
tainous regions are usually low, and

* due to the steep g;‘adient, time for
growth is short, Although ample
light is-available, growth.of true -
p]ankton is thus greatly limited

(The productivity of sand bottoms is taken as 1) -

—a-corollary, lakes with more hore-
line, having more shallow water,
are in general more productive,

have the greatest production potential
(and hence should be avoided for
water supplies).
¥ ) / .
- TABLE 2/ '
- ,
EFFECT OF SUBSTRATE
~ ON LAKE PRODUCTIVITY *

Bottom Material / _Relative Productivity
" Sand // 1 —_

Pebbles =’ 4 .
Clay / - 8 &

Flat rubble’ - 9 B

Block rubble 11

Shelving fock .

* Seledted from Tarzwell 1937

v
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2 Hard waters are generally more IV CULTURAL EUTROPHICATION ‘
* productive than soft waters as there :
are more plant nutrient minerals A The general processes of natural
+available, This is often greatly in- eutrophication, or natural enrichment
fluenced by the character of the soil : * and productivity have beén briefly out-~ .
=*3nd rocks in the watershed and the - lined above.
. quality and quantity of ground wiater
entering the lake. In generzl, pH * B When the activities of man speed up
range/s of 6.8to 8.2 appear to be .these enrichment processes by intro-
most productive. . . ;ducing unnatural quantities of nutrients
‘(sewage, etc.) the result is often called .
3 Turbidity feduces.productivity as cultural eutrophication. This term is
_light penetration is reduced, . often extended beyond its original usage
B . ‘ to include the enrichment (pollution) of
4 The presence or absence of thermal streams, estuaries, and even oceans, as
stratification with its semi-annual well as lakes.

turnovers affects productivity by °
. distributing nutrients throughout the

water mass. V CLASSIFICATION OF LAKES AND
’ RESERVOIRS )
5 -Climate, temperature, prevalence of ' . ,
ice and snow, are also of course A The productivity of lakes and impound-
important. ° . ) ments is such a conspicuous feature that
J : it is often used as-a convenient means of ——— —
D Factors Affecting the Productivity of classification. R
Reservoirs .
1 Oligotrophic lakes are the younger,
1. The productivity of reservoirs is less productive lakes, which are deep, '
. governed by muoh the same:- principles have clear-water, and usually support
ag that of lakes, with the difference Salmonoid fishes ip their deeper waters.
- that the water level is much more ¥ ' .
under the control of man. Fluctuations 2 'Eutroghic lakes are mdte mature,
in water level can be used to de-- more turbid, and richer. They are
liberately increase or decrease . usually shallower. They are richer
productivity. This can be demonstrated in dissolved solids; N, P, and Ca are
* by.a comparison of thg TVA reservoirs abmdanqt#‘,l?lankton i aburidant and.
- which practice a summer drawdown - there is"often a rich bottom fauna. )
with-some of those in the west where .
a winter drawdown is the rule.. 3 sttroghic lakes, such as beg lakes, -
‘ ’ : are low in Ph, water yellow to brown,
2 The level at which water is.removed dissolved solids, N, P, and scanty
R from a reservoir is importaht to the ~ but humic materials abundapt, bottom
’ productivity of the stream below, , - fauna and plankton podr, and fish
The hypolimnion may be anaerobic species are limited. .
while the epilimnion is aefobic, for
) + example, or the epilimnion is poor in B Reservoirs may algo be ctassified as
nutrients while the hypolihmion is storage, and run of the river.
relatively rich, -~ . ) ’ . .
) . 1 Storage reservoirs have a large ,
3 Reservoir _discharges also profoundly volume in relation to their inflow.
@ affect, the DO, temperature, and . . o=
. turbidity in the stream below a dam. 2 Run of the river regeypvoirs have a
Too much fluctuation in flow may " large flow-through in' relation to their
permit sections’of the stream to dry, storage value. -
or provide-inadequate dilution for _
toxic waste. ' s 3

Q n20 “ . Lo

)




C According to location, lakes and
reservoirs may be classified as polar,
. temperate,” or tropical. Differences in
climatic and geographic conditions
result in differences in their biology.

VI SUMMARY

A A body of water such as alake, stream,
or estuary represents an intricately
balanced system in a state of dynamic °
equilibrium. Modification imposed at _
one point in the system automatically
results in compensatory adJustments at
associated points.

-

B The more thorough our knowledge of the
entire system, the better we can judge
where to impose control measures to
achieve a desired result, 3

« REFERENCES —————___

‘ ] I3 o o T e

1 Chamberlin, Thomas C. and Salisburg,
Rollin P, Geological-Processes and
Their Results, Geology 1: pp i-xix,
and 1-654. Henry Holt and Company.
New York., 1904,

2 Hutcheson, Gedrge E. A Treatise on
Limnology Vol,-I Geography, Physics
and Chemistry. 1957, Vol, II.
Introduction to Lake Biology and the
Limnoplankton. 1115 pp. 1967.
“John Wiley Co.

3 Hynes, H.B.N. The Ecology of Running
Waters. Univ. Toronto Press.
' 555 pp. 1970,
. . . . e
4, De Santo, RobertS. Concepts of
Applied Ecology. Springer-
Verlag. 1978,

%

The Aquatic Environment

NV




I INTRODUCTION : K

A The marine envirgnment is arbitrarily

defined as the water mass extending

. beyond the continentgl land masses,
including the plants and animals harbored
therein. This water mass is large and
deep, covering about 70 percent of the
edrth's surface and being as deep as s
7 miles. The salt content averages
about 35 parts per thousand. Life extends

f to all depths.

B The general nature of the water cycle on
- earth is well known. Because the largest
_portion of the surface area of the earth
is covered with water, roughly 70 percent
of the earth's rainfall is on the seas.
. : (Figure 1) LI

17% Oceanic
t Zvaporation

SEA SURFACE

Figiure 1. THE WATER CYCLE™

. Since roughly-one third of the
: rain which falls on the land is again
recycled through the atmosphere
(see Fighre 1 again), the fotal amount
of water washing over the earth's surface
is significantly greater than one third of
the total world rainfall. It'is thus not
i surprising to note that the rivers which" sg; -

&

s finally empty into the sea carry a-
disproportionate burden of dissolved and
suspended solids picked up from the land,

» . Thé chemical composition of this burden

depends on the composition of the rocks
and soils through which the river flows,
.. “the proximity of an ocean, the direction
of prevailing winds, and othér factors.
This is the substance of: geolog1ca1 erosion.
(Table 1)

» . -

- M - " 1 I s

Part 4. .The Marine Environment and its Ré\le in the Total Aquatic Environfnent

~
~ TABLE 1

PERCENTAGE CONE’O'SITION OF THE MA JOR IONS
F_TWO STREAMS AND SEA WATER .
IS

.W., 1924, "The Composition of River
and Lake Wateps-6f the United States", U.S. Geol. Surv.,
Prof. Paper No. 135; Harvey, H. W., !957\ "The Chemistry
and Fertility of Sea Waters", Cambridge University Press,
Cambridge)

{Data from Clark?

Delaware River Rio Grand®
Ion at at Sea Water
Lambertville, N.J. Laredo, Texas
Na 6.70 14,178 30.4
K 1.46 .85 . 1.‘1
Ca 17.49 13,73 1.16
Mg 4.81 3.03 3.7
cL 4.23 21.65 . 55.2
SO4 17.49 30. 10 7.7
COsu 32.95 ‘ 11,55 +HCO, 0.35

C For this presentation, the marine + .
environment will be (1) described using
an ecological approach, (2) characterized
ecologically by comparing it with fresh-~
water and estuarine enwronments, and
(3) considered as a functional ecological

system (ecosystem).
. t

I FRESHWATER, ESTUARINE, AND

MARINE ENVIRONMENTS

Distinct differences are found in physical,
chemical, and biotic factors in going from
a freshwater to an oceanic environmeht.

In general, environmental factors are more
constant in freshwater (rivers) and’ oceanic
environments, than in the highly variable
and harsh en {omhents of estuarine and
coastal waters. (Figure 2}

A Physical and Chemical Factors

Rivers, estuaries, and oceans are
compared in Figure 2 with reference to
the relative instability (or variation) of
several important parameters. In the
oceans, it will be noted, very little change.

* occurs in any parameter. In riyers, while

" "galinity".(usually referred to as dizsplved

solids") and temperature (acce};z(gf%mql
seasonal variations) change lit{le, the/other

. four parameters vary considerably. In.
estuaries, they all change. .

]f‘r‘ N 23
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of water movement .- atlon | fication |+ © ) .
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Figure2 .

RELATIVE VALUES OF VARIOUS PHYSICAL AND CHEMICAL FACTORS

FOR RIVER, ESTUARINE, AND O(;:EANIC ENVIRONMENTS
C Zones of the Sea

N B Biotic Factors

1 A complex of physical and chemical
" “factors-determine the biotic composi-

tion of an environment‘ -In-general,

the number of species in a rigorous,
highly variable environment tends to be
less than the number in a more stable
environment (Hedgpeth, 1966). . *

The dominant animal species (in |
terms of total biomass) which occur
in estuaries are often transient,
spending only a part of their, lives in

the estuaries.’

This resuﬁfs in better

utilization of a rich environment.

.

- aek,

t

"mew 1.

The nearshore environment is often
classified in relation to tid¢ level and
water depth. The nearshore and offshore
—~———_.oceanic regions together, are often
classified with reference to light penetra-

« tion and water depth.

-

(Figure 3y -

1 Neritic - Relatively shallow-water
zone which extends from the high-’

tide mark to the edge of the

continental shelf.
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. : Ficure 3—Classification of marine environments .
~ . v,
— 8 Stability of physicalfactorsis . - _1) Physical factors fluctuate__
v ® ' intermediate between estuarine, i § less than in the neritic zone.
. - * and oceanic environments, '
’ : , L e ~2) Producers are the phyto- . °*
b Phytoplankters are the dominant plankton and consumers are .
) producers but in some locations the zooplankton and nekton.
-« °  attached algae are also importa.nt . -
- ' ¢ as producers, . b Bathyal zone - From the bottom .
A ' " of the euphotic zone to about
¢ The anm;a,l consumersare 2000 meters. .
zoop]ankton, ‘nekton, and benthic ‘ .
forms. . ..1) Physical factors .relatively

ce TR —— constant but light is ahsent,

2 Oceanic - The region 1 of the'ocean - - ]
beyonmontinentai—sheﬂ—mvideu 2) Producers are absent and
into three parts, all relatively . eonsumers’are scarce.

~ poorly populated compared to the -
neritic zone. . . ) c Abzs(sal zone: -_A]l the sea below
i Co- | : - the bathyal zone. Ce
a. Euphotic zone - Waters into which, . - ‘ o
' sunlight penetrates (often to the 1) Physigal factotrs more con-
. bottom in the ner:ltie zone), The - stant than in bathyal zone, -
e ® -zone of primary prodyctivity often > . ) . .
. ! extends to-183 meters below the -~ 2) Producers absent and congumers
surface- - ] - even less abundant than in the
- . bathyal zone,

- MARINE ECOLOGY
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- I SEA WATER AND THE BODY FLUIDS

A Sea' water is a remarkably suitable
environment for living cells, as it
containﬂ all of the chemical elements
. essential to the growth and maintenance
of plants and animals., The ratio and
often the concentration of the -major
salts.of sea water are strikingly similar
in the cytoplasm and body fluids of
marine organisms. This similarity is

\ also evident, although modified somewhat
in the body fluids,of fresh water-and
terrestrial animals, For example,
sterile sea water may be used in
emergencies as a substitute for blood

. ¢+ Pplasma in man.
. B Since marine organisms have an internal
salt content similar to that of their

IV FACTORS AF,FECTIN(':} THE DISTRI-
BUTION OF MARINE AND ESTUARINE
ORGANISMS

Salinity. Sa}i?nity is the single most
constant and controlling factor in the
marmeqenviromnent probably followed -

by temperature., rané;es around

35, 000 mg. per liter, or "35 parts per

7 thousand" (symbol: 35%,) in the language

of the oceanographer. While variations

in the open ocean are relatively small, - °
salinity decreases rapidly as one
approaches shore and proceeds through
the estuary and up into fresh water with
a salinity of "'0 %, (see Figure 2)

Salinity and temperature as limiting
factors in ecologlcal distribution.

‘surrounding medium (isotonic condition) = .~ 1 Orgamsms differ in the salinities
osmoregulation poses no problem On the and temperatures in which they )
other hand, fresh water organisms are 4 prefer to live, and in the variabilities
hypertonic (osmotic pregsure of body of these parameters which they can
fluids is highier than that of the, surround- tolerate. These preferences §iid
ing Water) Hence,.fresh water animals tolerances often change -with successive
must constantly expend more energy to . life history stages, and in turn often -.
- keep water out (i.e., high osmotic v dictate where the organisms live: =~ *
— T——=—pressure {flulds contain more galts, the - their "distribution,"

. action being then to dilute this concen- -
tration with more water).
¢ 1 Generally, marine invertebrates are
narrowly poikilosmatic, i.e., the salt

. concentration of the body fluids changes

with that of the external ' medium. This
has special significance in estuarine .
situations where salt concentrations
of the water often vary considerably
in short periods/ of time, ' -

In ordér to,
prevent delydratigp, “water is mgested
. and salts are excreted through gpecial
‘  célls in the gills. e

A
-

2--Marine bony-ﬁsh#eleosts)—‘haveiowerf -
' salt content internally than the external
. " environment (hypotonic],

-

'2 These requirements or preferences
often lead to extensive migrations
of various species for breeding,
fe‘eding, and growing stages, One
very important result of this is that
an estuarine environment is an
.absolute necessity for over half of
all coastal commercial and sport ™',
related
for-¢fther all or certain portions of their ,

. life histories. (Part V, figure 8y

e —b——

3 The Greek word roots 'eury"

. (meaning wide) and "steno" (xﬁea.ning
narrow) are customarily cofnbined
with such words as "haline" for salt, - , _

. and "thermal” for temperature, to

" give us "euryhaline'' as an adjective I
to characterize an organism able to".
tolerate a wide range of sall;’lity, for

. example; or stenothermal" meaning
: oné which cannot stand much change
. in*temperature. ""Meso-~!' is a prefix

o 'indicating an intermedia.te capacity

~I
Co

i " . .
LR} N *

"

gpecies of fishes and invertebrates,
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: o ‘4® Some will known and interesting
examples of migratory species which”
. ] C. Mar:lne, estuarine, and fresh Wfater chang% their ens'ironzen&l preferences o,
..~ orgnisms. (See mg“re 1 ~  with the life history stage include the

o i} : ) shrimp (mentioned above), striped bass,

N . : ' many herrings and. relatives, the ¢ -, |
Y - o . salmons, and many others. None are |
' ) N * . more dramatic than the salmon hordds
' / which hatch in headwater strearis,
. ’ migrate far out to feed and grow,
then return to the mountain stream
where they hatched to lay their own

EURYHALINE

! eggs before dying. . .
¥resh Water o Marine . 5 Among euryhaline animals landlocked .
Stenohaline . © . " Stenchaline |- (trapped), populations living in lowereg s
, T . salinities often have a smaller maximum .
a 6 Salinity . ) ca,“S‘ size than individuals of the samespries\ o
v Jiving in rhore saline waters, For .
S Elgure 4. Sahmty Tolermce of Orgamsms wexample, the lamprey {Petromyzon ‘
N . ’ ' marinus) attains a length of nearly one ’
. 1 Offshore marine organisms are, in . meter in the sea, while in the Great I.akes
. ) general, both stenohaline and 3 the length is one..half
\ stenothermal unless, as noted above,
o they have certain life history require- Usually the larvae of aquatic orgamsms
‘ ments for estuamne cond1tions. , are more sensitive to changes n
W e salinity than are the adults. This )
* -2 Fresh water qrgaknsms a.re glso chatacteristic both limits and dictates .
] stefiohaline, and®(except for seasonal thé distribution and size of ppulations. .
7T adaptation) meso- or stenothermal, . oot . T
w(Figure 2) - D The effecis of tides on. organisms:
3 Indigenous or hative estuari'.,ne species B 1 Tidal fluctuations probably subject * - -
. that normally spend their entire lives the benthic or intertidal populations *
in the estuary are ‘relatively few in : to the most extreme and . apid vatigtions v
_ number.,. . (See Figure 5). They'are . of environmental stress encountered
e generally meso- or euryhaline and o in any aquat1c habitat. Highly specialized .,
: " mesor or euryfhermal " communities have developed in this .
o * ’ Zone, some adapted to the rpcky surf . .
. /_‘m*;a zones of the open coast, others to the "
2 ! . . muddy inlets of protected estuaries fal
g , . Tidal reaches of fresh water rivers, , . -
, ‘@ L : sandy beaches, coral reefs and
R ’ - ., ‘mangrove swamps in the tropics; all |
. U8 - : havé their own floras and faunas. All
T gl @ b c must emerge and d%gwiqh when whatever
-, z} - ‘water thete is rises and covers or
- tears at fhem, all must collapse or .
2. ° 0 5 10 , é's : 2& 25 30 35 . retract to endure drying, blazing ‘
* e X ! trop1ca1 sun, or freezing'arctic ice *+ .
: . Figure’5, DISTRIBUTION OF : during the low tide interval. Sucha -
S . . ORGANISMS IN AN ESTUARY *  community is depicted in Figure's. -t
“T =" @ Buryhaline, freshwater _ ) e -, L . ’ p -
o ‘ digenous, estuarine, (mesohaline) R . 3
L, woc Euryﬁaline, marine o - - o, -
L N - - v
. . . v . . ) . .
‘ : . W v e ’ . *
. . . & ot > 79 . , N 6"27
L [ . ‘ N . g - ) « \ e




Littorina neritoides

- /onauon of plants, «sna11s,"'and barnacles on a rocky shore.

c i s diagram is based bn th/,gutuatlon on the southwest cbast o
England, the general idea of zo&’nauon may-be ap‘phed to any tenper-
ale rocky ocean shore; though the: species will differ, *The gray
7oneocons1sts largely of lichens, A« the left is the zonation of rovks
with exposure toc cktreme to support algae at'the right, orf a less
exposed githation, theanimals age mostly ob$cured by the algaé, -
- Figures at the right hand margin refer to the percent of time that

the zone is exposed to the air, i.e., the time that the tide is out.
[ - ‘ *  Three major zones can be’ recogmzed the Littorina 2one (above the
) gray zone); the Balanoigd zone (bettveen the gray zone and the

E

. 4
AR\ L. rudis //;-
* T, 9 1. obtusata 7
O L. littorea ,;z"\
Zi
> BARNACLES . LZALN
. - L4 " .// '//;‘
. © XLhthamalus stellatus ,/ﬁ‘ «/ i RAENAORY AN M
T ® Balanus balanoides /,/,’_ k//ﬁ @/L/‘\ [;’ WA .‘./\‘\\O :0 :;\',\G%
. B B. perforatus ‘//é/’, / ”:m &‘ﬁ _ J'OJ *;97 go\f' Y4 /z'/&;)‘
oc ’ © % // [ ‘h\ & =u\_.\ L}
. % / "/ G |
S S ,,7////,/./// “//w’ ”w\\\\\«\‘
. - ) w4, /‘ﬁ)////jx‘// //I)rl (5 (‘/ ,> (1\‘\5\ \\\\\\\
. THIALI et o 7 / m«fn.(// 7IRHY \\\.\‘\\\\\
. _ , , ® F1gure 6 . (
ile

' T _laminarias);, and the Laminaria Zone, a. Pelvetia canahculata .
. ‘b, Fucus spxrahs ¢, Ascophyllum nodosum; d, Fucus serratus;
' e. Lamiharia digitata. (Ba‘sed on Stephenson)
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V FACTORS AFFECTING THE . REFEREN_CES
‘PRODUCTIVITY OF THE MARINE ~ . i
¢ ENVIRONMENT . L 1 Harvey, H. W. The Chemistry agd . 5
. ) . . Pertility of Sea Water (2nd Ed.), ’
A ~The sea is in continuous circulatidn, With- Cambridge Univ. Press, New York.
out cu'culation, nutrients of the ocean would - . 234 pp. 1957, . C g

eventually become-a.part of the.bottom and.
biological production would cease. Generally, 'Wickstead John H. Mavrine Zooplankton
in all oceans theré exists a warm surface Studfes in’ Biology no. 62. The Institute
ldyer which overlies the colder water gnd ~ « of Biology. 1976.
forms a two-layer system of persistent . ] o
. stabﬂ.:.ty Nutrient-concentration’js usually ' . S -
greatest in the lower zone. Wherever a
mixing or disturbance of thesé two layerg . -
v occurs biological productmg‘:.s greatest,. !
B The estuaries are also a mixing.zone of ’ O -
»  enormous importance. :Here the fertility P '
* vrashed off the land is mingled with the . . . 0
nutrient capacity of deawater, rid many v
- of the would's most productiVe waters ; :
%, result. : ’ -~ . ' J
s i ! ) v bl
C Wheh man adds his cultural contyibutions ) .
. ‘of sewage, fertlhzer, silt or toxic waste, .
it is no wonder that the dynamic equilibrium . .
of the ages is rudely upset, and the . .
environmentalist cries, "See what ran :
hath wrought"! e . .
— R o « e
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INTRODUCTION®

A Broadly defined, wetlands are areas
which are "to wet to plough but too
thick to flow." The soil tends to be
.saturated with water, salt-or fresh, .=~
and numerous-channels or ponds of ¢ |
shallow or open water are common,

4 " Due to ecological features foo numerous

and variable to list here, they comprise
> in general a rigorous (highly stressed)
- habitat, occupied by a small relatively

) Speciahzed indxgenous (native) flora

and fauna

They are prodigiously pi'oductive

- however, and many, constitute an
absolut‘ely essential babitat for some
portion of the life history of animal
forms generally recognized as residents

: of other habitats (Figure 8).. This is
particularly true of tidal marshés as ’
imentioned below,

3

- —C—Wet: hnds;in—toto—eemprxse—&femafkab}y-
large proportion of the-earth's surface,
and the total organic carbon bound in-
their mass constitutes an enormous
sink of energy

D Since our main cori’cern here is with -

- ~the. “aquatic" environment, primary ‘

. emphasis will'be directed toward a
description of wetlands as,the transitional
zone between the waters and the land, and

T how their desecration by human culture .

. spreads degradation in Both directions.

R N

. o

-

. O TIDAL MABSHES AND T%ESTUARY
‘"\Ao "There i8-no other cas€ in nature; save °
-in the corgl reefs, Where the adjustment
o of organic relations to physical condition
. is seen in such'a beautiful way as ‘the
balance between the gro»ying marsghes
) and the tidal streams by which they are’
- e at once nourished and worn away.'

ay

»
Part 5:

-

Wetlanés

.
\

~ ’ 4 *
B Estuarine pollution studies are usually
A devoted to the dynamics of the circulating
water, itg chemical, phys1ca1 and - .
biological parameters, bottom deposits, etc.

.C It is easy to overlook the intimate relation-’
ships which exist between the“bordering’
marshland,’ the moving waters, the tidal
flats, subtidal deposition, and seston
whether of logpl, oceanic, or r1ver1ne

origin. . . o,
D+ The tidal marsh (some inland areas also
have salt mars‘les) is generally consicfered
to be the ‘'marginal areas of ‘estuaries and
coasts in the intertidal zone, which are
dominated by emlergent vegetation. They
. generally extend inland to the farthest
*  point reached by the spring tides, where
they ‘merge into freghwater swamps and_
marshes (Figure 1). They may range in
» " width*from honexistent on rocky coasts to
many kilometers. )

°
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¥ IO MARSH omc;ms AND STRU’CTURES ’ © u Such banks are likely to be cliff-like
=, AR ™ and are often undercut.’ unks of
- ¢ WA, Ix; general marsh substrates are highsin* - peat are often found lying about on
* organic content, relatively low in mineralsc - harder s‘ubstrate below high tide line .

. * andtraceelements. The upper layers _ . * . If face of cliff i& well aboVe high water,

Lt "bound together with-living, roots called 7 overlying vegetation is likely to be
- . turi‘ underIaid by more compacted peat L. typically terrestrial of the area.

o type mgterial. g . ' Marsh type vegetation is probahly

R » - s absent.” .

.o 1 ) Rising or erqdingl coastli,pes may .- .

o Pl « expose peat from anci,é’ni: marsh . 2 Low lying dgltaic, “or sinking coast-
dintes -growth-to-wave action which. cuts. .. 8- lines, or those-with low energy wave
-, _r'_ .into the soft peawzaapidly (Figure 2). - action are Iikely to have active marsh
) ey formatiqn in progress.- " Sand dunes

e, o are also common in such areas
K . {\VU//\ /”\//)‘//” . _(Figure 3). Genenal coastal
Tereeateial tuct . ‘*’"'«X‘ l’a configuration is a factor,
.,é S R S r Tt '."_ . . j N
Ry sax , poat » S ;. ;;_'.. Ve ) .
N ) tog
Al

] Pigere 2. Dagrammaiic sertion oPeroding peat cliff . . N s
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a Rugged or precipitous coasts or
. slowly rising coasts, typically
s . exhibit narrow shelves, sea cliffs,
fjords, massive beaches, and
relatively less marsh area (Figure 4).
. An Alaskan fjord subject to recent i
‘ ! catastrophic subsidence and rapid
deposition of glacial flour shows
‘evidence of the recent encroachment
of saline waters in the presence of
: recently buried trees and other
S " terrestrial vegetation, exposure,
- - - of layers of salt marsh peat along
v ,, the edges of channels, and a poorly
E ! compactegd young marsh turf developing ,
i at the new high water level (Figure 5).

3

14
'\ - Figure 4 A River Mouth on a Slowly Rising Coast Note absence o )
. . . ' of deltaic development and relatively little marshland. * [
PN although mud flats stippled are extensive e
“ R ¢ -
\?:‘; - . N ~ . — - K N P *
- ;L - y, Tidalmarsh \Lg Terrestrial
. PR > ¢, !;‘:;b:; < ° ;é ‘]
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- e ’ Figure 5§ Somié gemeral relationships in a northern flord with &slng waterlevel. 1, mem lbw .
o . & water, 3. ‘maximum high tide, 3, Bedrock, {. Glacial flour to depttis in excess of
\,, . . % . 400 meters, 5. Shifting flats and channels, 8, Channel against bedrock, 7., Buried
o : . ' terrestrial vegetation, 8, Outcroppings of-salt marsh peat. . '
A - . [3 ) . 3
T : . =i C et oy ) S ) l ° '9’0. st ?
s b, Low lying coastal plaifs tend to be - - Deep tidal channels fan out through
4

9

:.'g‘,w fr:h?’.ged by barrier islands, .broad < innumerable branching and often T
X Yo .féesmariggl_gngi deltas, and broad 4 " interconnecting rivulets. The
-+ " +associattd marghlands (Figure 3).. .. intervening grassy plains are 3 RN
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, ¢ Tropical and subtropical regions - tidal marsh is the marsh grass, but very
such as Florida, the Gulf Coast, little of it-is uged by man as grass. ’
and Central America, are frequented (Table 1) . o
o . by mangrove swamps. is unique
type of growth is able to establish The nutritional analysis of several
¢ ! — itself in shallow water and move out marsh grasses as compared to dry land
into progressively deeper areas ~ hay is shownn Table 2,

(Figure 6). "The strong deeply
«  embedded roots enable the mangrove

. torpsist considerable wave action ’
- : at times, and the-tangle of roots . : - . v o s .
+~ ¢ quickly accumulates a’'deep layer of “TABLE L. °"-‘"":,°w“"w',°iiﬁ e e °,,.",I,,,."" 3 Anually ? -
bdrganic sediment Mangaoves . . , et e
. in the south may be cons1dered to . stem s Tneters/year :
be roughly the eqmvalent “of the Land dests, deep oceans Tens
Spartina marsh grass in the north Grasslands, forests, cutrophic Hondreds
as a land builder. .When fully : laxes, ordiary sgricultare
Ce developed, a mangrove swamp is an B tre s toatiure e Thousand
’ ‘ impenetrable thicket of roots over case, rice)
the tidal flat affording shelter to an .
assortment of semi-aquatic organisms ' . )
: such as various molluscs and ’ ) .
{ crustaceans, and proyviding access .
J . +from the nearby land to predaceous ,’
birds, reptiles, and marfimalss
Mangroves are not restricted to ) ) : =
estuaries, but may develop out into TABLE){;. Agalyses of Some Tidal Marsh Grasges
shallgw oceanic lagoons, or upstream -
into relatively fresh waters. N .
. [ 4 . e ‘ .
, T/A Percentzge Compasition
OO Dry Wa. Protein Fat fiber Water Ash N-free Extract
ansanl Distichlis spicata tpure stand, dry) f
28 1 %) 17 - 24 4558
< shon Sparting alterniflora and Saficornia curapaes
* . 1.2 77 25 kIR 7
v " [t Spartina altemiflora (uall, pure stand in standing wat
Sy T ~etd 35 7.6 20 3.0 155 w3
500 mamsones Spartina patens ‘pore stand, dry) >
AN 32 ¢+ 60 22 300 u “e0 ° “s
4 A Sparting akerniflora and Sparting patens (pzed stand, wet) AN
” u&- 34 68 1.9 81 104 s
.- S ., Sparting akesniflora (shart, wetd
. c . DS . e 22 a8 s24 B4 87 i3 %3
* SR . [aaadasd Comparable Analyses for Hay - .
- I-‘igu;-e 8 ‘Dlagrammauc transect of a mangrove swam Tu out &0 20 x2 &7 a2 “
- . . ton trom o terre p zn.s eyt 110 37 F X3 04 59 S
. habitat. . . Amlyses performedby Roland W, Gilbert, Departmem
Py ‘ - ’ ¢ ofAjricultural Chemistry, U.R.IL
IV PRODUCTIVIT¥,OF WETLANDS R -
- A Measuring the producﬁvity of grasslands .- .ot ’
is not easy, because today grass is seldom , . . " 8.
. used directly as such bgw ‘e -§8 thus’ T , - :
ysually expressed as produd:ion ofTneat, r . . ¥
- 7. milk, orinthecaseofsaltmrs 8g, sthge > - .o NP -
' total crop of finimals that obtaln food per &5 T oa N
unit of area. ’I’he primary producer ina ALY ) . . .
- PR . < v N D o .t *
ey » ‘ - _v' . . /
5 e = . . -1 . lid
-34rx hd " " «
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B Theactual utilization of ' marsh grass is
accomplished primarily by 'its décom-
position and ingestion by micro organisms,
, (Figure 7) ‘A small quantity 4f seeds and

' solids is consumed directly b1rds.
) SPRATINA ) KCTRITYS
9 ~
Y = b j-': -‘l" 3 i
D L 4

S .
»
H
.lﬁ
i
St .
<
:
S
gl

3 < .-
' Figure 7 The nutritive composition of
successive stages of decompogition of
marsh grass, showisg increase
T In protein and decfease in carbohydrate
with incredsing ige and decreasing size
« of detrmfsjnrﬁ es.

¢ 1 The quantity of micro invertebrates
which thrive on this wealth of decaying
marsh has not been estimated, nor has

the actual pry pction of small indigenous
. [fishes and inv tebrates such as the
top minnows {Fundulus), or the mud

snails (Nassa), and others, ?

2 Me.ny forms pf oceanic life migrate
into-the estuaries, especially the’
marsh areas, for important portions
of their life histories as is mentioned .
elsewhefe (Figure 8). It has been

°  estimated that in exceds of 60% of the

' marine commercial and sport fisheries
are estuarine or marsh dependent in
some ‘way.

-\
S
" sGes B -

s ;2, '—‘OQG/ '

ADULT j

_Figure 8 Diagram bf the life cycle
of white shrimp (after Anderson and
Lamz 1965).

3" An effort to make an indirect
# estimate of productivity in.a Rhode
Island marsh was made on a single’
August day by recording the numbers
and kinds of birds that fed on a . .
relatively small area (Figure 3).
Between 700 and 1000 wild birds of
12 species, ‘ranging from 100 least ¢
sandpipers to uncountable numbers
of seagulls were counted. .* ‘- v

o . Greater yellow legs (left) .
. and black duck . ,
. 4
3 M =k 5o
./
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"One<hundred black bellied plovers
at approximately 283 g each would
weigh on the order-of 28 kg, At
the_same rate of food consumption,
this would indicate nearly 1. 8 kg.
. * of food required for this species
A alone, The -much greater activity
of the wild birds would obviously
- greatly increase their food require~
ments, as would their relaﬁvely
---*smallefrsxze. - - - -,

Consulering the range of foods cop- .
sumed, the sizes of the bxrds, and the
fact that at certain seasons, thousands
. of migrating ducks and others pause
to feed here, the enormous productivity
of such a marsh can be better under-
. stood.

V INLAND BOGS AND MARSHES

A Much bf what has been said of tidal
marshes also applies to inland wetlands.
As was mentioned earlier, not'all inland
' swamps are salt-frge, any more than all
marshes affected by tidal rythms are
saline,

B The specificn\;of specialized floras to
particular types df wetlands is perhaps
more spectacular in freshwater wetlands
than in the marine, where' Juncus,

Spartina, and Mangroves tend to dominate."
. . o N
1 um; or peat moss, is-
. probably one of the most widespead
' and abundant wetlard plants on ea.rih
Deevey (1958) quotes an estimate
! there is probably upwards of 202
= _billions weight) of metric tonsof pea
‘ in the world today, derived during
-~ recent geologic time from Sphagnum
bogs. Particularly in the northern
regions, peat moss tends to overgrow:

¢

T

L _+ forming the vast tundra plains and.
moores of the ‘north

'" - 2 Long lsts of other bog and marsh plants
» might be cited, each with its own
special requirements, togographical;-

S

5 . -

’ . —_——

N _ .
€ Types of inland wetlands, -

r W

2 River bottom wetlands differ fl"om

ponds. and shallow depressions, eventually

. -
. .
.

and geographic distribution, etc.
Included would be the familiar cattails,
spike rushes, cotton grasses, sedges,
trefoils, alders, and many, many

. others.

1 As noted above (Cf: ¢Figure 1)

"- tidal marshes oftgp merge into
freshwater marshes and bayous.

" Deltaic tidal swamps and marshes
are often saline in the seaward
portion, and fresh in the landward " .
areas. . ‘

-

those formed from lakes, since wide
flood plaing subject to periodic
inundation are the final stages of Y.
the erosion of ﬁver valleys, whereas
lakes in general tend to be eldminated

by the geologic processes of natural
eutrophication often involving
hagnum and peat formation. .

Riverbottom marshes in the southern

United States, withi¥favorable climates.

have I?mrient .growths such as the

canebrake of the lower Mississippi,

or.a ra¢teristic timber growth o7
suclt as cypress. -

thoggfl bird life is the most e

such as muskrats, peavers, otters,
and others are also marsh-oriented.

(Figure 12)
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The Aquatic Environment

VI POLLUTION \

A No single statement can summarize the |
effects of pollution on marshlands as .
distinct from effects noted elsewhere on
other habitats.

-t

3"
B Reduction of ana.ry Productivity .

The primar)\ producers in most wetlands"®
+ are the grasses and peat mosses. -

-

by

1 Changes-in the water level brought
' about by flooding or drainage. P

»

. a Marshland areas are sometimes

diked and flooded to produce fresh-
water ponds, This may be for
aesthetic reasons, to suppress the
- growth of poxidus marsh inhabitating
. insects such as.mosquitoes @r biting__
* ' mmidges, to construct an ind al
waste holding pond, a thermal or a
sewage{stabilization pond, a
- “convenient" result of highway
causeway construction, or other
. reason. . The result ig the elim-
N . sination of an area of marsh. A
small compensating bérder of
marsh may or may not develop:

” S\

B -High tidal ma.rshes were often
. + gitched and dra.med in former days
to stabilize the sod for salt hay or
"thatch" haryesting which was high;ty
sought after in colonial days. This
mevztably cha.nged the character .
of the marsh, but it remained as” .
essentially marshland. Conversion .
to outright agricultural land has °
been less widespreati because of the
necessity of diking to, exclude the -
periodic floods or tidal incursions, ~
. -and carefully timed drainage to
s eliminate excess:precipitation. “
Mechanical pumping of tidal marshes
- has riot been ecanomical in this -
. couniry, although the sdccess of
the Dutch and others in this regard
is well known,*

Production ‘may be reduced or eliminated~ - -~ -

v

2 Marsh grasses may also be eliminated
by smothering as, for example, by - -
deposition of dredge spoiis, or the
spill or discharge of sewage sludge.

3 Considerable marsh area has been -
eliminated by industrial construction’
activity such as wharf and dock con~
struction, oil well construction and
operation, and the discharge of toxic
brines and other chemicals.

»C Coénsumer production (animal life) has

° been drastically reduced by the deliberate
distribution of pesticides. In somde cases,
this has been aimed,at nearby agricultural
lands for economic crop pest control, in
other cases the marshes have been sprayed .
or dusted directly/to control noxious
insects. ' ' L

’ . ~

1 The results hav&been"?fniversa.lb} ) °

" disastrous for the marshes, and the
benefits to the human commumty often

questionable. .

L

2 Pesticides designed te kill nuisance \ *.
insects, are also toxic to other .
arthropeds so that in addition to the :
targetrspecies, such forage staples as -
the various scuds (amphipods), fiddler -
crabs, and other.macroinvertebrates
have either drast1ca11y red}hed
or entirely-eliminated in many pimces.

-For example, one familiar with fiddler
crabs can traverse miles of marsh - .
margins, still riddled with their burrows, .
without seeing'a single live crab. )
. - .
3. DD’T and related compounds have been
" "eaten up the food chain" (biclogical
. magnification effect) until figh eating
and other predatory birds such as heradns
and egrets (Figure 9), have been virtually
eliminated from vast areas, ang the
accumulation of DDT in man himself *
is_only too well knéwn.
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E Swimming birds such as ducks, loons,
cormorants, pelicans, and many others - 7
are severely jeopardized by floating

Most gerious of the marsh enemies is, ’
man himself. In his quest for "lebensraum"”
. near the water, hehas all but killed the

D "

. water he strives to approach, Thus up to pollutants such as oil,
twenty percent of the marsh--estuarine L
~——"" Tarea in various parts ?f the country has . v T T T
already been utterly destroyed by cut and - . :
- fill real estate developments (Figures " - . "
10, 11). -
. - —_——— —
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. 7 V. . .
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, o . Friven Bulkhead —
. “ > \
’ ) k‘ . . ;. 4
N 4 R g .
. ) . " Figure 10, Diagrammatic representation of cut-and-fill for :
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o VIT SUMMARY } 5 Morgan, J.P Ephemeral Estuaries of P
2 : L. the Deltaic Enwronment‘“ln Estuaries, :
A Wetlands comprise the marshes, swamps, ., pp. 115-120, ‘Publ; No. 83, Am.
bogs,, and tundra areas of the world, . ’ Assoc Adv, Sci. Washmgton, . ¥967,
. “Fhey are essential to.the well-being “of .
our surface watérs.and ground’yvaters. VL 6 Odum, -E, P. and Dela cpug, ALA, ..
? « They.are esg::maf to aguatic life of - g o Particulate Organic'Detritus in a
. M typés living in the open waters. They Georgia Salt Marsh - Estuarine .
.* . are essential as habitat for all forms of Ecosystem. in: Estuaries, pp. 383-
‘ wildlife, , 388, Publ, No. 83, Am, Assoc. Adv.
“o ) y ;e =0 Sci. Washington,.Dc, ~1967, - :
- - -B The-tidal marsh-is the;area of-emergent - - -~ -~ - - T .
gegeta on bordering: the ocean or an 7 Redﬁeld A,C, The Ontogeny of a Salt,
. est ) Marsh Estuary. in: Estuames, ppP.
" s/ o 108-114, Publ, No. 83, Am. Assoc, =
C Marshes are highly productive aresas, Adv, Sci. Washington, DC. 1967.
essential to the maintenance of a well . g . ) .
rounded community of aquaticflife. 8 Stuckey, O.H, Measuring the Productivity Ce

D Wetlands may be de'stroj.ed by:

1 Degradati&: of the life forms of
which it is composed in the name of
‘nuisance control. ,
r
. 2 Physical destruction by cut- and-fill
ta create’ more land area.

-
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' BENTHOS ARE ORGANISMS GROWING
ON OR ASSOCIATED PRINCIPALLY
WITH THE BOTTOM OF WATER’
Berithoé is the noun,

Ly

v
.

5

-

'5 Meiotauna
Meiofauna o'ccuoy the int'erst_itial ‘zone
(like between sand grains) in benthic
and hyporheic habitats. They are inter-

_mediater in-size-b

-

y _

Benthonic, benthal and benthzc are.
adjectwes.

€
.

I THE BENTHIC COMMUNITY

&
A . Composed of a wide variety of life -
.forms that are related because they
oceupy common ground'' --substrates
'of oceans, lakes, streams,. etc.
. They may be attfched, burrowi.ng, or
move 'on the. i.nterface. .

. 1 Bacteria 4
A wide variety of decomposers work

- on orgamic materia¥s, breakirg them
down to elemental or simple com:
pouhds,.

c b
o

% .

>

» -

v

2 “Algae

[}
S

Photosy'nthetic plants having no true’
roots, stems, and leaves. The basic *
producers %f food thht nurtures the
animal components of the commumty

e

3 Rlowering Aquatic PIants (Rive:weeds,
“*= Pondweeds)

The largest flora. composed of-
complex and differentiated tissues.
May jé emersed, floating, or sub-

-me according to habit.

4 Microfauna
Includes’ many animals that. pass,

sizve, but are T ed'on a No. 1

sieve. Examples are rotifers'and micro-
crustageans. Some fopms have organs
tér attachment to substrates, while
others burrow into soft material® or
occupy the interstices between rocks,
floral.or faunal materials,

a, ’ ) "
L
I. MET, fm. 81. 2 81

'

N

H .. standa d Series N TV ‘
through a U.S i r ———Ql)——————D“B‘f%en the benthic zone (substrate/water .

. (protozoa and rotifers) and the macro-
fauna (insects, etc.). They.passa No. 30
sieve (0.5 mm apprommately) In, fresh-
wdter they include nematodes, copepods,
tardigrades. naiad worms, and some flat
worms. They are usually ignored in fresh-

. water studies, ,since they pass the‘sta.ndarf =
sieve and/or sampling devices,

v ‘

Macrofauna ( macrginvertebrates)

\m‘

on a No. -30‘mesh

Animals that are retain
sieve (0.5 mm approxigiately). This group————j
includes the insects, s, molluscs., and
occasionally fish, Fish are not normally
considered, as benthog, though there are bottom
dwellers su‘ﬁh'as-‘s-cu}pins—-settles

darters. and madtoms.

‘

B The benthos is a self-contained cominunity.
though there is interchange with other
communities. For example: Plankton
gettles to/it, fish prey on it and lay their
eggs there, terrestrial detritys and leaves
are added to it, and many aquatic insects
migrate from it to the terrestrial environ-
ment for their mating cycles.

.

N\
™

C 1t is an in-sity water quality monitor. The

low mobility of the biotic components requires -
that-they "live'with'" the quality changes of the
over-passing waters., Changes imposed in the
long-lived components remain visible for
extended periods, even after the cause has
been’eliminatéd, Only time wiil allow a cure
for the community by drﬁ;.,reproduchon a.nd re-
, cruitment from the hyporheic zdne.

~

3

.interface) and the underground water table
is the hyporheic zone, There iB considerable
interchange frorn one zone teo and‘ther. .

lm HISTQRY OF BENTHIC OBSERVATIONS,
i

‘A Ancient literafiife records the. vermm as&oci-
ated with fouled Waters.

1 .. .. |

a
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Effect of Wastewater Treatment Plant Effluent on Small Streams
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~ 7 Ingram, 1964),

v

500 -yéar- old fishing literature refers
to animal forms that-are-fish food and
used as bait. g

EN

A

The scientific literature assodiating
biota to water pollution problems is |
over 100 years old (Mackenthun and -

3

v %

3 Consumers 3

aw : .
a Detritivores and bacterial feeders
b Herbivores:
¢ Predators.

Cc Econorny of Survey

A

© 3 Ari i.ngeco

I'V WHY HE BENTHOS?

¢ ‘into enforcement aspects of water
. pollution control, - * g S

ol >
-

LY
\ .‘
my and the dev‘elopment

t Systems .

’”

- of federal gr
o /
;En’\?ﬁ'/é/nmental Protection Programs
. are & cur:;ent stimulu,s: .

it is/a natura!l monitor

corpmunity contaihs all of the *©
ts of an ecosyst;am. ) ’

a ‘bacteria,, '

] [ I .

e

| F "For subtre chemiéal changes.‘

G "tis self-evidentth

. : ' . s
S investigations were imtiated . z 1 Manpower o 7
. - . - » ’ . - - ° ~~
1’ The entrance of state boards of-health - 2, Tiie . .
' into‘water pollution control activities. P R . R
., - R Equipment .- -
~ 2 Creation of state conserifation ag.sncies. . g
: . ¢ e . . , D Extensive Supporting L1tera:ture--— -
.3 Industrialization‘ and urbanization. . y
, ) E A.dvantages ofthe Macrobenthos
4 Growth of hmnological programs wto 2 .
- at universities, v P ’1 Relatwe]y sessﬂe !
JE Adecided increase in berithic.studies ' . 2 Life history length , | o
- oceurred in'the 1950's and much of L Lo U, L
_ today's activities are strongly inflhenced- . 3 Fish—fooa orgaﬁisms N A
s ... -by.de¥elopmental work. conducted during: I, e
this period. Sorgg,of the reasons for this L 4 Rehabihty of Sampmig . -
are: ; - Do e - ~ g
. —'”")I'W ( . SLE Dollarslinformation : !
3 . Y & .
) “Macademic biology¥ to applied ™ = L 6. Pxedictabﬂity R ‘-
‘pollution~p1‘ograms. E , L : :
. . N g '7 Universality v
8 s " e . , . 4.
2 E%x‘ttra.nce of the federal government,“ “‘. S l{ i ypteresis valu o - :

6 -
i

-

unequivocal data, .and observations . -’ .
‘suited to some statistical evdluation will. = .
be needed. .Fhis refuirernent favors the
macrofauna as a parameter. Macro-
ipvertebrates are easier t6 sample * '
reproductively than other organisms,
numericdl estimates are gpssible and
taxongmy needed for synoptic.investi~
gations is | the. reach of a non--

. "specialist uhrmann) '

>

<.
»
v .
»
o

for.a multitude of
non-1dent1ﬁab1e thoy gh'biologically active
. cha.dges of chemical conditions in rivers,
.'small’organisms with ‘high physiological
differentiation are ‘most responsive.
Thus the small macroinvertébrates .
(eqg.! insects) are doubtlessly the most -
sensitive organisms for demongtrating

»

-
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, LW w
mSP%anges of water '+ Y i
chemistry ed poHUtion A .

Progress in knowledge on yseful -
;autecological properties of
organisms or of, transfer of stch
kx;owledge into bioassay practice
has heen very small in the paste. ce
Phus, “the b bioassay concept . .
,{relation of orgapisms m. a
gtream torwater quality) ‘in .
water chemistry has brought not ~
much more thah visual demon-
stration of a few overall chemitdl -
effects, Our, capability to derwe
chemical condltlons from blologmal
obs’ervatxons is, therefore, almost
. on the same level as fifty years age,
... In the author's opinion it is idle to
expect’mtrch more in the, future because —
of the 1mutat10ns inherent to natural bio-
\assdy systems {relation of organisms

,in‘a stream to watéer quality).'' (Wuhrmann)
. . . '

le

V REACTIONS OF THE ‘BENTHIC, MACRO-
. INVERTEBRA' COMMUNITY: TO
» PERTURBAT . ‘ —

. ] '
.t - . N
~

A Des‘%’i‘uction of Organism Types .

4

‘1 Begmmng W1th the mcust sénsn:ive
" forms, pollutants kill jn order of ;
.’ sensitivity until the most tolerant form
is the ldst survivor., This results in-a
o raduction of variety or, d;versﬁ.y of

prgamsms.

pn
‘

'2 The' generahzed‘order of macro- _
invertebrate disappearance on a
s sensitivity scale below pollution ..

? séurces i§ shown in Figure 2.

Water, - | Stoneflies ater,

Quality \ : | Mayflids ality |
Deteriorating | Caddisflies fmproving

“ ) Amphipods .
. Isopods
< " 7| ‘Midges’ ‘ v
. . & Oligochaetes] - . ™ .

e

¥
C LN

5

LR ]

.
2

As water quality improves. these
redppear in the same, order. 7 .

- ks

B The Number of Survivorg Increase

1 Competition and predation are reduted
* + . between different species. ..
A
. 2 When the pollutant is a food (plants,
fertilizers, animals, organic materials), -

»

~

L

. = C -The Number of Survivors Decrease . _

v .

- > 1 The material added is toxu m has no

food value, .
L : S
2 The material added produces toxic’ v

. conditions as a byproduct.of decom*

+~ position(e. g, large organic, leadings )
produce an anaérobic environment
resulting in‘the’ prodﬁctlon of toxic
su]ﬁdes,, methaties, etc.) - .

-~

-

"D the Effects May be Mamfest mCom- T
binations °

© -

» «1 Of pollutants and their effects. C ‘
2 Vary with longitudinal dlstrlbutlon
in a stream. (Figure 1)
E Tolgrance to Enrlchment Grouﬁmg
. (F1gure 2) Highly generalized
g
Flex1b1lity must be maintained in the , .
establishment of tolerance lists based
on the response of organisms to the
env’,romnent besause of complex relation-
ships among varying environmental. °
' condltlons. Some general tolerance
Ppatterns can be established: S.tonefly
©. and ma,yfly ﬁymphs, hellgrammltes, e

-

- and’ caddisﬂy larvae represent a grouping

Ssenmtive or intolerant)hat is’ gene ra]ly ., !

+quite sensitive to envu‘onmengal )

_'changes. Blagkfly larvae,’ seuds, sow-
+ bugs, snailsﬂﬁngernaﬂ. cla,ms,.dragon- s

fly and damgelfly naiads,’ ’ar;d most

kinds of midge larvae are facultauve

(or intermediate) in tolerance» o a
. Sludge-worms, gome kinds of’ mldgé'q, -

larvae (bloodworms), a.nq gome leeghes

» >

g
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Effect of Wastewater Treatment Plant Efftuent on Small Streams e

t . o R .
— “ R R . . \ N
4 . . 7‘? ; ’ 2
— are tolerdnt to comparatively heavy loads
DimECTION - oW - of organic pollutants, Sewage mosquitoes ‘
o A . and rat-tailed maggots are tolerant'of )
e Y o anaerobic environments for they are
‘ AN T . 7 ol ti ir-breathers
. ' \ )} - ~ essen ially a r . . -~
~ 5 ', . \\\ . ,§ R . . -
‘ I; o l . F Structural Limitations
- U A Y ’ : ) . < )
e £ ik e " 1 The morphological structure of a Ty
N '§“ . species limits the type of environment .
30 it may occupy. ,
8 D. 1 a' Species with complex appenaages. B
g . and exposed complicated respiratﬁry
1 o TN @ . structures, such as stonefly . .
g E Y e B nymphs, ‘mayfly nymphs, anc
. - S \ " § caddisfly larvae, that are subjected
. N -t -l——- —_— - -~ ,to-a—constant-deluge-of setteable————————
’ Y- l E \;‘ ; particulate matter soon abandon
Fooa o TS - ] *the polluted‘area bgcause of the -
' ! constant preeninggrequired to main-
N / . P\ ¢ - tain mobility or respiratory func-
e —= F—— o&,blszNc € . tions; otherwise, they are soon
i e ~ A1 .  smothered. .
) . ,NUMBER ,0F .'.KlNDS v / ) - -
L ‘}f"’:ggfggg ‘ &FéooslT.KIEQNESMS T Benthic animals in depositing zones .
A -DE " “may also.be burdened by ''sewage ° -
Four basic responseg, of bottom animals to_pollution. - fungus' ‘growths including stalked
A. Omjanic wastés eliminate. the sensitive botiom animals protozoans. Many of these stalked
«md provide food in the form of sludges for the surviving toler. protozoans are host specific.
~ n | cnt forms. B. Layge-quantities of decomposing c ;vﬁust; . ' .
3 o | eliminate sensitive’bottom aniinals and the excessive quon I S . *
T ’ ties of byproducts of organic decomposition inhibit the tolerant 2 Specieéswithout complicated ‘external
A forms; in time, with natural stream purification, water guality structures, such as blood¥orms.and . .
impiroves so that the }Flerani forms cam ’10“;1;811'&%‘1“: i sludgeworms, are not so limited in .
sludges as food: C. Toxic materials eliminate se ° . .
bottom apimals; aludge is abdent aud food is restricted to that adaptability. ; - _
s neturally occurring in “the stream,, which litaith the number of - - s - -
. tolerant surviving forms. Very toxic' materials may eliminate a A ‘SIudgeW.o.rm, for example,.can
1 | ll organisms below a waste source. D. Organic ﬂuﬁ}c‘;‘a‘&‘h burrow in a deluge of particulate * -
iﬁ;ﬁ?:t g:: r';‘a;ilt;tczn:h :u:ivonrd:fn]:fisﬁn}z t;e arqanig organic matte_'f"and flourish on the s
P ) . " - « -
PR alndges becciuse the loxicity restricts their growth. ~ ~ ° abundanee of "manna. e ot
- - - ey . o ¥ : @
5 L, e '+ .  Figurel . 7 b Morphology alsb-determines the i
. k ) / - speciés that are found in riffles, on’ "~
PR < N " -
- . L et ov:.agt‘g'ta,tlorf, on the bottom, of podis,
| R K79 .\ _or in hottom deposits. - a -
6 RPN L) . N
s ® L4 * . . ’ - . - .
o - R "J . - . . s * R
T z ‘ ~ s . S * ks
! . ©C ‘
o ~ Q Y Jo‘lz 3 » !
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SAMPLING PROCEDURES ]

_ Fauna s s

1 Qualitative sampling determines the
variety of species occupying an aréa. ’

> sSamples may be taken by any method

.. that will capture representatives of the

e speciéspresent. Collections from

’ such samplings indicate cha.nges in the
< envxronment but generally do not ~

. accurately ‘reflect the degree of change. -

Mayflies, for example, may be re-
duced from 100 to 1 per square meter.
Qualitative data would indicate the -
presence of both species, but might not

necessarily delineate the, cha.nge in pre-

dominance.from mayflies to sludge-'
- worms., The stop netor kick sampling
techniqué is often used 3

2 Quantitative sampling is performed to °
" ‘observe changes in predominance.

©

The most common quantitative sampling
tools are the Petersen, Ekman,.and Ponar

. grabs and the Surber stream bottom
Bampler. Of these, the Petersen

¢ sampling riffle areas; it requires °

, -

. The Surber sampler is designed for

moving water fo transport dislodged >
organisms into its net and 18 limited
to depths of tw0~thirds a meter or less.
o -~ [ 2.
Kick samples of one minute:duration will .
. ' usually yield around 1, 000 macrowmnvert-
- ebrates per square rheter (10.5 X a one
minute kick= organisms/m2lg -
3 ‘Manipulated substrates (often referr_ed?to
«as "artificial substrates’) are
* ‘placed in a stream and left for a spe: :fn

\2‘
o

time period. Benthxc macromverteo rates

readily ¢olonize these forming a manipu-
“lated commumt‘y SlIb'gtrates may be rén-
structed of naturdl materials or synthetic.
may be placed. in a natural sitnatron or
unnatural; and may or may hot resemble -
.., the normal stream community. The
- point being that a great number of envi-
.ronmental variables are stagndardized and
th’us upstream and downstream statioris
‘ may be legitirmately compared 1n terms of

2

grab samples the widest variety of .
substrates, ‘The Ekman grab is -4
limited to fine-textured and soft © - Neeor o
Substrates, such as silt and sludge, .. ‘ berg:‘tl%&m monitor.
unless hydrauhcally epﬁrated easily be the more 1mportant.

N

g .

water qua.hty of the m8ving water éolumn. - -
They naturally do mot evaluate what may - .

t ber happening to the substrate -
The latter could

b . « — —_ bt . (‘ > -
. i REPRESENTATIVE BOTTOH‘DWELLING MACRpAN’IMALS I .
. .o .
o Drawmgs froin Qeckle'r J., K.M. Mgckenthun and'W.M. Ingram, 11"963 - ', . xh
» 4 Glossdry of Comuinly-Used Biologicslahd Related Terms in Water and. = | -
I Wa,ste,Wafer Control, | DHEW, P@lgg cm;‘gnati 0 i0,” Pub No 999-WP-2, * .
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' '4 Invertebrates-which are part of the + B Flora

‘ benthos, but under certain conditions * , ) . !
he¢ome carried downstream in ~1 Direct quantitat?\:e sampling of natu-
.  appreciable numbers, are known as : rally growing bbttom algae 1s difficult.
) - Drift. -~ . ) . Tt is basically one of collecting algae
) oo, ' ! from a standard or uniform area of the
¢ + ¥ Groups'which have members forming bottom shbstrates without d1sturbmg .
a conspicuous part of the drift the dehcate growths and therebv dis- ) ,
include the insect orders Ephemeroptera, _ . tort the sample. Indirect quantitative
Tmchpptera, Plecoptera and the . sampling is the best ayailable method.
ctustacean order Amphipoda. ’ - .
o . . . 2 Manipulated substrates, such as wood ‘
' ¢ Drift net studies are widely used and . blocks, glass or plexiglass shdes,
have a proven validity in stream - bricks, etec., are placed in a stream. )
water quality studies. Bottom-attached algai:: will grow » -
\ i . these artificial substfates. After two
) 5 The collected sample is screened with Z%r:':ggea::i‘e;;f:dafi‘a t:_lf::;ilv:f:- . ~,
‘/ . 2r8tanidsar.rrlg‘~sti}t:ve t:;;oggen:;ati; tf}:m Algal growths are scraped frOm the
- s&ig‘:?rate a'm 4 tzairis an%athe number substrates and the quantity measur ed.
oo of each ki:xhd of organism determined. it:)coz::i ig?::; :::Zt;:;f aatr:.lal a:::”
Data are then’adjusted to number per : . .
¢ unit area, usually to number of bottOm ;}ﬁ‘i:tai.gp;;naigs;:ez’and;ge::lna 223 ,:2 the
‘ isme pe . .
“— orgaa’s/gl p T pquare meter = chapges in the quality of water flowing
\ over the substrates. .
6 Independently. neither quamatwe not -~ . '
quantitative data suffice for thorough
a.nalyses of environmenta]l conditidns. VII ANALYSES OF MICROFLORA ’
N * A cursory examination to detect damage
, maybe fnade with either method but i
A Enumeration
s & eombination of the two gives a more- et .
precise determination., If a ghoice must 1 The q\;a.ntity ‘of algae on manipulated
. e made, quant1tat1ve sampling would substrates can be measured in several .
bertt’f:lt’ beﬁaut? it incorporates a - ways, Microscopic counts of algal
pa qua tative dample. - G . rcells-and dry weight of a algal mater-
. . ial are long established methods.
7 Studieb have shown that a mgmfxcant . ]
' number and variety of macroinvefte- 2 Microscopic counts involve thorough
. brates inhabit the hyporheic zone in streams, - s er::mg pmixing anlénsus‘;?ansion ogf
As thuch,as 80% of the macroinVerte- | the algal cells, From this mixture
srates may be.below 5 cm _in this ' an*aliquot of cells is withdrawn for
o hyporh.exc zone. Most samples,and . enumeration under a microscope.
. sampling techniques do not.penetrate = - Dry weight is determined by drying
q . the substrate below the 5 ¢ depth. and weighing the algal sample. then
! Al quantffative studies must take this, igniting the sample to burn Sff the
and other.substrate factors into account. algal materials, leaving inert morganic
wheri absolute figures are presented on . materials that are again weighed.
. - +  standing ctop 2nd numbers per square '
; meter,” etc. . . The difference between initial dry weight
p @ / . . - and weight after ignition is attributed to
o 4 . ) algae,
. . g . . 3 Any organic sediments, however,
. ) T .o that settle on.the substrate along
. with the algae are processed also.
o./ ’ Y / 0 7 AN ' 7-7
) 2 Ry J -
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Thus, if organic wastes are present
appreciable errors ma{y enter into
this method.

) Chlorophyll Analysis -

1 During the past decade, chlorophyll
analysis has become a popular method
for estimating algal growth. Chloro-
bhyll is extracted from the algae and
is used as an index of the quantity of
algae present. The advantages of
chlorophyll analysis are rapidity,
simplicity, and-vivid pictorial results.

-

2 The algae are scrubbed from the
placed suSstrate\samples, ground, -
then each sample is steeped in equal

»  volumes, 90% aqueous acetone, which
extracts the .chlorophyll from the algal
cells. The chlorophyll extracts may
be compared visually.

3 Because the cholorophyll extracts fade
with time, colorimetry should be used
for permanent records. For routine
records, simple colorimeters will
suffice. At very high cholorophyll
densities, interference with colori-
metry occurs, which must be corrected
through serial dilution of the sample
or with-a homograph.

C ~Autotrophic Index

3

-"The chlorophyll content of the periphyton
. is used to estitnate the algal biomass and
as an indicator of the nutrient content

(or trophic”status) or toxicity of the water
and the taxonomic composition of the

community. Periphyton growing in sur-
face water relatively free of organic ¢
pollution corsists largely of algae,

which contain approximately 1 to 2 fercent
chlorophyll a by dry weight. If dissolved
-or particulate organic matfer is present

in high concentrations, large populations
_6f filamentous bacteria, stalked protozoa,

and other nonchlorophyll bearing micro-

organisms develop and the percentage

of chlorophyll is then reduced. If the
®iomasg-chlorophyll a relationship

is expressed as a ratio (the autotro-
’pﬁic index), valyes greater than 100

may result from organip pollution

{Weéber and McFarland, 1969; Weber,

1973).

-3

vin

\

Ash-free Wgt (mg/
Chlorophyll a (mg

Autotrophic Index =

2
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m )\/
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MACROINVERTEBRATE ANALYSES

Taxonomie
s i

The taxonomic level to which animals are

“identified depends on the needs,’ experience,

and available resources. However, the
taxonomic level to which identifications are
carried in each major group should be
constant throughout a given study.

Biomass
Macroinvertebrate%iomass (weight of,

organisms per unit area) is a useful
quantitative estimation of standing crop.

. C Eeporting Units

"

Data from auanigita,tive samples may be used

to obtain: ot

1 .Total standing crop of individuals, or
biomass, or both per unit area or unit
volume or sample unit, and

2 Numbers of biomass, or botf:, of individual

taxa per unit area or unit volume or sample
unit. :

3 Data from devices sampling a unit area
of bottom will be reported in grams dry
weight or ashzfree dry weight per square
meter (gm/m”~), or numbers of indi-
viduals per square meter, or both.

4 Data from‘multiplate samplers will be

"reported in terms of the jotal surface
area of the plates in grams dry weight
or ash-free dry weight or numbers of
individuals per square meter, or both.

5 Data from rock-filled basket samplers

will be reported as grams dry weight

or humbers of individuals per sampler,
t{oth. . - -

+

!
¥
'.
[
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IX FACTORS INVOLVED IN DATA INTER-
PRETATION

Two very important®actors in data'evalud-

tion are a thorough knowledge of conditions

under which the data were collected and a

ci'tical assessment of the reliability of the
- data's, erresintation of the situation,

A Maximum-Minimum Values o

. The evaluation of physical and chemica]§
data to determine their effects on aquatic
organisms is primarily-dependent on -
maximum and minimum obsdrved values.
‘The mean is useful only when the data are
relatively uniform. The minimum or
maximum values usually create acute
conrditions in the environment.

B Identifieation N Dt

Precise identification of organisms to *

. species requires a specialist’ for each
taxonomic group, Many immature
aquatic forms have not been associated
with the adult species. Therefore, one
who is certain of the genus but not the
species should utilize'the generic name,
not a potentially incorrect species name,
The method of interpreting biological *

. data on the basis og numbers of kinds
and numbers of organisms 1§ useful.

. o

.C 'Lakeé and Stream Influence

Physical characteristics of a body of
water. algso affect animal populations,
.. Lakes or impounded bodies of water
support different faunal associations
than rivers. The number of kinds
present in a lake may be less than that
found in a stream because of a more
uniform habitat, A .lake is all pool,
. but a river is gomposed of ‘both pools.,
and riffles.” The nonﬂowi.ng water of
"~ lake esthibits a more complete: set-
' tling of particulate organic.matter that
naturaily supports a higher population
of. detritus consumera. For these .

. . o reca
. .

‘e

-~

reasons, thie bottom fauna of a lake or
impoundment, or stream pool cannot be
directly compared with. that of a flowing
stream riffle.

Extrapolation
How can bottom-dwelling macrofauna data

be extrapolated.to other environmental
components? It must be borne in mind

that a component of the total environment g

is being sampled. If-the-sampled com-
ponent exhibits changes, then so " ust the
other interdependent components of the
énvironment. For example, a clean stream
with a wide variety of desirable bottom
organismg would be expected to have a

wide variety of desirable bottom fishes,
when pollution reduces the number of bottom
organisms, a comparabfe reduction would
‘be expected in the number of fishes. More-
over, it would be logical to conclude that
any factor that eliminates all bottom ofgan-

-isms would eliminate mdst other aquatic -

forms_of life. A ‘clean stream with a wide
variety of desirable bottomtrgamsms
would be expected to permit a variety of
recreational, municipal and hLdustrLallgges.

E Expression of Data

e

1 Standing crop and taxonomic comp!ositxon

Standing crop and numbers of taxa (types .
or kinds) in a community are highly
sensitive to environmental perturbations
resulting from the introduction of coxi'gam-
inants. These parameters, partxcularly
standing crop, may vary considerably in
unpolluted habitats, where t hey may range
from the typically high standing crop:of
littoral zones of glacial lakes to the
gparse fauna of torrential soft-water
streams. Thus, it is impontant that
comparisong are made only between truly
comparable environments. . "

o
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2 Dwersxty N

Diversity indices are an additional tool
for measurm&mem?htfof the environ-
ment and the effect of perturbation on
‘the structure of a community of macro-
invertebrates, Their use is based on -,
.the generally observed phenomenon that
relatively undisturbed’ environments
suppox't)communities having large
numbers of species with no individual
specxes present in overwhelming
abundance. If the species in such a»
community are rankéd on the basis of
their numerical .abundance, there will

be relatively few species with large |
numbers of individuals and large
numbers of species represented by only -
a few individuals, Perturbation tends

to reduce diversity by ntaking the
environment unsuitable for some species
or by giving othér species a competitive
advantage. - ,
Indicator -organism scheme ("rat-tailed
maggot studies")

a For this technique, the ‘individual
taxa are classified on the basis of
their tolerance or intolerancg to
various levels of putrescible was%es.
" Taxa are classified according to
their presence or absence of
different environments as deter-
mined by field studies. Some

a reduce data based on the presence
or absence of indicator organisms
to a simple numerical form for ease
in presentation, -

b "Biolqgists are engaging in fruit-
less exercise if they intend to make
any decisions about indicator
organisms by operating at the ¢
generic level of macroinvertebrate
identifications.' (Resh and Unzicker)

4 Reference station methods

Comparative or control station methods
compare the qualitative characteristics
of the fauna in clean water habitats with

those of fauna in habitats subject to stress.

Stations are compared on thebasis of
richness of species.

7-10
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. .

H adequatebackground data are avail-
able to an experiengéd investigator,
these techniques can prove quite useful—
particularly for the purpose of demon-"’
strating the effects of gross to moderate
organic contamination op, the macro-
invertebrate community. To detect
more subtle changes in the macroinver-
tebrate community, collect quantltatwe
data on numbers or biomass of organisms.
Data on the presence of tolerant and
intolerant taxa and richness of species
may be effectively summarized for evalu-
ation and presentation by me?s of line
graphs, bar graphs, pie diag ams,’
histoagra.ms, or pictoral diagrams..

IMPORTANT ASSOCIATED ANALYSES

The Chemical Environment

1 Dissolved oxygen

»

% Nutrients
3 Toxic materials
4 Acidity and alkalinity 0

5 Ete, ) "

The Physical. Environment .
¢ .

1 Suspended solids

2 Temperature

3 Light penetration

4 Sediment compositio'n'

14 .

5 Etc. = | ’

AREAS IN WHICH BENTHIC STUDIES
CAN BEST BE APPLIED ' 4 .

Damage Assessment or Stream Health
If a stream is suffering from'abuse the -
A biologist can
determine damages by looking at the -
"critter assemblage in a matter of
USually, if damages are not
found, it will not be necessary t6 alert
the remainder of the agengy’ 8 staff, -

- .
.
4 -
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METHODOLOGY FOR CHEM

I INTRODUCTION
\ ;

This outline,deals with chemical methods which
are commonly performed in water quality
"laboratorjes. Although a large number of !
constituents or properties may be of interest
to the analyst, many of the méthods employed
to measure them are based on the same’ ~
analytical principles. The purpose of-this
outline is to acquaint you with the principles
involved in commonly-used chemical methods
to determine water quality. .

M e
I PRE-TREATMENTS

For some parameters, a preliminary treatment ,
is required before the analysis begins. These
treatments serve various purposes

A Distillation - To isolate the constituent by
{ heating a portion of-the sample mixture to .
separate the more volatile part(s), and then
cooling and condensing, the resulting vapor(s)
to recover the volatilized portion.

B Extractioqn - To isolate/concentrate the
constituent by shaking a portion of the

* ' gsample mixture with an immiscible solvent
in which the constituent is much more |
soluble.

c F11trat10n - To separate undissolved matter
." from a sample mixture by passing a.portiod
of it through a filter of specified size. -
Particles that are dissolved in the original
mixture are so small that they gtay in the ;
- sample solution and pass through the filtef'

Digestion - To change constituents to a form

! amenable to the specified test by heating a

portion of the sample mixture with chemicals.

14 ' ° ’ .

. ./ Y
For some parameters,' meters have been
designed to-measure that specific const1tuent

or property

- b » -
] A . .

A

B

D

~
_D1ssolved oxygen meters measure the

AL ANALYSIS OF WA‘TER\AND WASTEWATER

*
. -

pH Meters S

pH (hydrogen ion concentration) is meas~
ured as a difference in potential agross a
glass membrane which is in contact with
the sample and with a reference solution.
The sensor apparatus might be combined
into one probe or else it is divided into an
indicating electrode (for the sample) and a
reference electrode (for the reference
solution). Before using, the meter must
be calibrated with a solution of known p
(a buffer) and thén checked for proper
anra,tion with a buffer of a different pH
ue. .

Dissolved Oxygen Meters
'

produchon of a current which is proportional
to the amount of oxygen gas reduced at a
cathode in the apparatus. The oxygen gas
enters the electrode through a membrane,

‘and an electrolyte solution or gel acts as a

transfer and reaction media. Prior to use
the meter must be calibrated against a known
oxygen gas concentration.

Conductivity Meters -

Specific conductance is measured with a

.meter containing a Wheatstone bridge which

measures the resistarce of the samplt
solution td the transmission of an electric
current. The meter and cell are calibrated
ccording to the conductance of a standard |
solution of potassium chloride measured .

at 256°C by a "standard" cell with electrodes
" one cm gquare spaced one cm apart

This
is why results are called ' spec1f1c con-

ductance. . e

Turbidimeters

A turbidimeter compares the intensity of
light scattered by particles in the sample

* under defined conditions with the intensity

of.light scattered by a stand‘ard reference
suspension._ - .
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>

- sensed by a pH electrode.
level of chloride in the internal solution is

5 .

SPECIFIC ION ELECTRODES '

.

Just-as the conventional glass electrode _
for pH develops an electrical potential in
response to the activity of hydrogen-ion

in solution, the specific ion electrode .

RS

develops an e}ectrfcal potential in response -

to the activity of the ion for which the electrode”

is specific. The potential and activily are
related according to the Nernst equati on.
Sitnple analytical techniques ‘can be applied
to convert activity to an expression of con-
centration, . '

These electrodes are used with a pH meter

with an expanded mV scale or with a specific,

ion meter... Two examples are the ammonia
and fluoride electrodes.
,,

Ammonia

The ammonia electrode uses a hydrophobic
gas-permeable membrane to separate the
sample solution from an ammoniunt chloride
internal solution, Ammonia in the sample
diffuses through the membrane and alters
the pH of the internal-selution, which is

The constant

sensed by a chloride selective ion electrode,

which acts as the reference electrode. !

A

Fluoride -

The fluoride electrode consists of a lanthanum

flueride crystal across which a potential is
develdped by fluoride ions. The cell may be

repreSented by Ag/Ag Cl, CI (0.3),F (0..001)

L.aF/test solution/SCE/. It is used in con~

- junction with a standard single junction .

Vo

Q

'% GENERAL ANALYTICAL\METHODS

There are various ways to detect the end

reference electrode.

\

N

A .

Titrations involve using a buret to measure
the volume of a standard solution of a sub-
stance required to completely react with
the constituent of intgrest in a. measured
voliime of sample. One can then calculate

of i.pt;‘arest. . .t

oint when the reaction is complete.

. '

.the original concentration of the constituent ___

- 3 Specified end points .

. detect the specified end points. ~

gz

1 Color cha(.nge indicators

The method may utilize an indicator which
changes color when the reaction is
complete. For example, in the Chemucal
Oxygen Demand Test the indicator,
ferroin, gives a blue-green color to the
mixture until the oxidation-reduction *
reaction is‘complete. Then the mixture
is reddish~brown."

1
Y

Several of these color-change titrations
make use of the iodometric process
whereby the constituent of interest quan-
titatively releases free iodine. Starch

is added to give a blue color until enough
reducing sgent (sodium thiosulfate or ,
phenylarsine oxide) is added to react

with all the iodine. At this end point.

the mixture becomes colorless.

Electrical property indicators g
'Another way to detect end points 1s°a
change in an electrical property of the
solution when the reaction is complete.
In the chlorine titration a cell containing

- petassium chloride will produce a small ’

direct current as long as free chlorine
is present. As a reducing agent (phen-
ylarsine oxide) is added to reduce

. the chlorine, “the microammeter which

measures the existing direct current
registers a lower reading on a scale.

_ By observing the scale, the end ‘point of

total reduction of chlorine can be .
determined because the direct current

.ceases. *

v

.
~

For acidity and alkalinity titrations, the

- end points are specified pH values for

the final mixture. The pH values are
those existing when common acidity or
alkalinity components have been neutral-
ized. Thug acidity is determined by -
titrating the sample with a standard .
alkali to pH 8.2 when carbohic acid
would be neutralized to (HCO,‘,)-. Alka-
linity (except for highly-acidic samples)
is determined by titrating the sample
with a standard acid to pH 4.5 when the
carbonate present has been converted’

to carbonic acid. pH meters are used to

-

-

v
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B Gravimetric Procec\;iures A Atomic Absorption s
A\ - . “? * R
Gravimetric methods involve direct * . .Atomic Absorption (AA) instruments utilize
weighing of the constituent in a container. absorption of light of a characteristic wave-
An empty container is weighed, the length. This form of analysis involves
constituent is separated from the sample aspirating*solutigns of metal ions (cations)
mixture and isolated in the container, then - or molecules containing metals into a
the container with the constituent is weighed. flame where they are reduced to individual
The difference in the weights of, the container atoms in a ground electrical state. In this _
before and after containing the constituent condition, the atoms can abso.rb radiation
represents the we1ght of the const1tuent. of a wavelength characteristic ‘for each s
element. A lamp contajning the element-of~———--
The type of container depends on the method interest as the cathode is used as a source ’
used to separate the constituent from the to emit the characteristic line spectrum for
. sample mixture. In the solids determinations, , the element to be determined.

" the container is an evaporating dish (total or . * ‘
dissolved) or a glass fiber filter disc in a The amount of energy absorbed is directly
crucible (suspended). *For oil and grease, related to the concentration of the elemer-
the container js a flask containing a residue of interest. Thus the Lambert-Beer Law
afier evaporation of a, solvent. - applies. Standards can be prepared and

’ tested and the resulting absorbance values
C Combustion can be used to construct a calibration
. , (standard) curve. Then the absorbance
Combustion means to add oxygén. In.the . value,for the sample is located on this curve
Total Organic Carbon. Analysis, combustion t0 determine the corresponding concentration.
is used within an instrument to convert Pt '
"’/ carbonaceous material to earbon dioxide. . Once the instrument is adjusted to give
’ An infrared analyzer measures the carbon optimum readings for the element of interest,
*  dioxide. the tésting of each solution can be done in

a matter of seconds. Many laboratories
wire recorders into their instruments to

VI PI-fOTOMETRIC METHODS rapidly transcribe th%data, thus conserving -,
’ . ) time spent on this aspect of the analysis.
‘These methods involve the measurement of light Atomic absorption techniques are generally
that is absorbed or transmitted quantitatively ; uﬁd for.metals and semi-metals in solution -
* either by the constituent of interest or else by else solubilized through some form of
a substarice containing the constituent of interest sample processing. For mercury, the
which has regulted from some treatment of - principle is utilized but the absorption of
the sample. The quantitative aspect of these light occurs in a flameléss situation with "
photometric methods is based on applying the the mercury in the vapor state and contained
Lawmbert-Beer Law which established that the in a closed glass cell. .ot
amount of light absorbed is quantitatively - ~
related to the concentration of thegabsorbing . B Flame Emission - ’
medium at a given wavelength and a given e
thickness of the medium through which the ° Flame emission photometry involves
< . light passes. . measuring the amount of light given off by
. . atoms drawn into a flame. , At certain '
Eagh method requires preparing a set of temperatures, the flame raises the electrons
standard solutions containing known amounts . in atoms to a higher energy level. When
of the constituent of interest. Photometric the electrons fall back to a lower ‘energy
values are obtained for the standards, These level, the atoins lose (emit) radiant energy
" ‘are used to draw a calibration (standard) curve Wthh can be detected and measured.
by plotting photometric vglues against the
concentrations. Then, by locating the photo- ° Again standards must be prepared and
metric value for the sample on thig standard * " tested to prepare a calibration (standard)
curve, the unknown concentration in the ! curve. Then the transmission value of the
sample can be determined, ' . sample can be located on the curve to
- ' , ‘ ' : determine its concentration.
., ~ . A Many atomic a’bsorptmn instruments can be
’ s used for flame emission photometry. t

Sodium and potassium are very effectively
determined by the emission technique. ™
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However, for many elements, absorption
analysis is more sensitive because there are

. 2 great number of unexcited atoms in the
flame which are available to absorb the
radiant energy. . .

C Colorimétpy
«t Y
Colorimetric analyses involve treating

standards which contain known concentrations N

of the constituent of interest and also the
sample with reagents to 'produce a cglored
solution. The greater the concentration of
the constituent, the moré intense will be
the resulting color.

The Lambert-Beer Law which relates the
absorption of light to the thickness and
concentration of the absorbing medium
applies. Accordingly, as<spectrophotometer
™ is used to measure the’ amount of light of
appropriate wavelength “which is absorbed
- by the same thickness of each solution.
. ' _The results from the standards are used to
+ ¢ comstruct a calibration (standard) curve.
' “Then the absgrbance value for the sample
is located.on this curve to determme the
correspdnding concentration.

.t

Many of the metals and several other

parameters (phosphorus, ammonia, nitrate,
nitrite, etc.) are determined in this

manner.

~

4 .

¢

Chromatography techniques involve a separa-
tion of ‘the components’in a mixture by using _
a difference in the physical properties of the
components. Gas=-Liquid Chromatography
(GLC),involves separation based on a differ-
ence in the properties of volatility and solu-
bility. The method is used to determine
algicides, chlorinated organic compounds ,
and pesticides.

The sample is mtroduced into an injector
block which is at a high temperature (e.g.
210°C), ‘causing the liquid sample to volatilize.
An inert carrier gas transports the sample
components through a liquid held in place as

a thin film on an inert solid support materi.al
in a’column;

Sample components pass through the column

at a speed partly governed by the relative
solubility of each in the stationary liquad.

Thus the least soluble .components are the

first to reach the detector. The type of
detector used depends on the class of compounds
involved. All detectors function to sense and
measure the quantity of each .sample component
as it comes off the column. The detector
signals a recorder system which registers

a response,

As with other instrumental methods, standards
with known concentrations of the substance of
interest are measured on the instrument. A
calibration (standard) curve can be developed
and the concentration in a sample can*be
determined from this graph.

Gas-quuid chromatography methods are very
sensitive (nanofram;, picogram quantities) so
only small amounts of samples are required.
On the othér hand, this extreme sensitivity
often negessitates extensive clean-up of
samples pnor to GLC ana.lysxs.

VIII AUTOMAT ED VIETHODS

The increasing number of samples and
measurements to be made in water quality
laboratories has stimulated efforts to automate
these analyses. Using smallér amounts of
sample (semi-micro techniques), combining
reagents for fewer measurements per analysis,
and using automatic dispensers are all means
of saving analytical time. :
However, the term ''automated laboratory
procedures' tsually means automatic intro-
duetion of the sample into the.instrument,
automatic treatment of the sample to test for

a component of interest, automatic recording
of data and, increasingly, automatic calculating
and print-out of data. Maximum automation
systems involve continuoys sampling direct.
from the source (e.g. an in-place probe) with
telemetering of results to a central computer.
Automated methods, especially ose based on
colorimetric methodology, afe refognized for
several water quality parameters includin
alkalinity, ammonia, nitrate, mtrlte, phosphorus,
and hardness. ' —
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1X SOURC'ES QF PROCEDURES

Details of the procedure for an individual °

measurement can be found in reference books.
. yThere are three particularly-recognized books

of procedures for water quality measurements.

A Standard Methods(1) . -
The erican Public Health Association,
‘the Ardericap Water Works Association
and the Water Pollution Eontrol Federation
prepare and publish "Standard Methods for
the Examination of Water and Wastewater. "o
As indicated by the.list of publishers, this ,
book contains ‘methods developed for use by
those interested in water or wastewater
treatment. \ '

B=ASTM Standards(?)

Y
The American Society for Testing and
Materials publishes an ""Annual Book of
ASTM Standards'' containing specifications
and methods for testing materials, The
"book' currently céonsists of 47 parts.

The part applicable to water was formerly

_ Part 33.. It is now Part 31, Water.

The methods are chosen by approval of the
membership of ASTM and are intended to

aid industry, government agencies and the
general public. Methods are applicable to
industrial waste waters as well as to other
types of water samples. : .

» s
EPA Methods Manual® .
The United Stateg Environmental Protection
Agency publishes a manual of "Methods for
Chemical Analysis of Water and Wastes. "
-

- EPA developed this 'manual to provide
methodology for mohitoring the quality of
our Natien's waters and to determine the
impact of waste discharges. The test pro-
cedures were carefully selected to meet
these needs, using Standard Methods and
«» ASTM as ic references., In many cases,
. ntains completely
ed procedyres because they modified
ethods from the basic references. Other=
ise, the manual cites page numbers in ’
thtwo references where the analy,ticaf,l

Methodolo’g ®™r Chemical Analysis of Water and Wastewater

. .

- ~

x ACCURACY.AND PRECISION
A Of the Method

One of the criteria for choosing methods
to be used for water quality analysis 1s that
the method should measure the desired
property or constituent with precision,
accuracy, and specificity sufficient to meet
data needs. Standard references, then.
include a statement of the precision and
accuracy for the method which 1s obtained

* when (usually) several analysts in differem
laboratories used the particular method.

, <

B Of the Analyst

* . L3
Each analyst should check his own precisiun -
and accuracy as a.test of his skill ir per-
forming a test. According to‘the t. S. EP'A
Handbook for Analytical Quality Controt'*’,
he can do this in the following manner.

To check precision, the analyst should
analyze samples with four different
congentrations of the constituent of interest.
seven times cach. The study should cover
at least two hours of normal laboratory

- operations to allow changes 1n conditions
to_affect the results. Then he should
calculate the standard dewiation of each of

/" the sets of seven results and compare his

‘'values for the lowest and highest conceri-
trations tested with the standard deviation
value published for that method in the reference
book. (It may be stated as % relative .
standard deviation. If so, calculate
results in this form.)' An individual

. should have better values than those

. averaged from the work of several N
analysts. : B

Tp check accuracy, he can use two of the
" s@mples used to check precision by adding

a known amount (spike) of the particular
.constituent in quantities to double the lowest
- congentration usedl, and to bring an inter-
_mediate concentration to approximately 5%
of the upper limit of application of the
method. He then analyzes each of the spiked  »
samples seven times, then calculates the
average of each set of geven results. To
calculate accuracy in terms of % recovery, |
he will also need to calcylate the average of.

8=5
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N . . . . p
the results he gof when he analyzedthe . , A NPDES Permts and State'Certific ations
unspiked samples, (background). Then: . -
. - A specified analytical procedure must be
. s used when a waste constituent 1s measured 5
% Recovery = observed - bac.kgﬁu{xd] 100 ‘ . )
. o ry ; \ -
~spike 1 For an application for a National Pollutant
Discharge Elimination System {NPDES) ..
. The actual calculation involves volumt.a-” ‘. permit under Section 402 of the Federal
E _. concentration calc_ula‘.tiqns for each term. * Water Pollution Control Act (FW PX &,
"~ 1f the published accuracy is stated as as amendeE: ¥ .
) % bias, subtract 100% from % recovery 2 ‘For reports required to be subrmitte: .
to compare results. Again, the individual dischargers under NPRES, :
. result should pe bétter than the pub}ished Y, - o
.~ figure derivj&%m the results of several 3 For ceriificatfons 1ssued by states
) analysts. * ) . pursuant to°Section 401 of the FWP( \,
. ’ as amended. ‘
C Of Daily Performance
oo Analytical procedures to be used in these
Even after an analyst has demonstrated ¥is situations must conform to those specified
. personal skill in performing the analysis, in Title 40, Chapter 1, Part 136, of the
a daily cReck on\precision and acguracy Code of Federal Regulations {CFR). - The .
should be done, About one in every ten listings in the CFR usually cite two different
samples should be a duplicate to check, procedures for a particular measurement. '
precision and about one in every‘ten samples = / L - " \ .
should be spiked to ichbck accuracy. '
. - . "7 . The CFR also provides a system of T
'It-is afso beneficial to participate in inter- applying to EPA for permission to e
labbratory quality control programs. The . use methods not cited in the CFR. _‘ ¢
» U.S. EPA provides reference samples at  * Approval of alternative methods f’or\ :
. ho charge to laboratories. These samples nationwide use will'be puinshed \ ! Y e
serve as ipdepend‘ent checks on reagents, - ‘" the F?e:al Register. ‘ \
. instruments or techniques; for training gy j P :
analysts or for comparative analyses within ' > .
«  the laboratory. Thgre is no «‘:’ertificapion B Ambient Water Quality Mon%tog g
?:o :’nthtiz if:r:::l evaluative fun{ctxon resultm'g £ Ambient Water Quality Mohitoring,
.“ - ~analytical procédures have not'been
, - ' Bpecified by regulations. However, the ~
\XI SELECTION OF ANALYTICA i .election of procedures to be used shoula_
\ PROCEDURES ~ N receive attention. Use of those listed in -
N\ T . . i the CFR 15 strongly recommended. [f -
Standard sources(s 2:3) will, for most any of the dafa obtained is going to_be usec \ .
parameters, contain more than ohe ‘analytical in connection with NPDES permits, or mav % "
procedure. Selection of the procedure to be be used gs evidence in a legal proceeding,, . \ "*
used.in a specific instance inyolves consider-" . use of procedures listed in the CFR1s  *
*ation of the,use to be made of the data. In ¢ . agawn’strongly recommended. - . \ o
some|cases, one must use specified procedures. o . \ o
.~ In others, one may be able to choose among g . . \
several methods. .- . s . , \ )
' R \
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C. Drinking Watér Momtoring

In December, 1975, National Interim
Primary ‘Drinking Water Regulations
- to be ‘effective June 24,. 1977 were
_ published in the Federal Register in

Title 40, Chapter 1, Subchapter D, :

Part 141, The.publication includes
specification of analytical procedures

to be used when determining compliance

with the maximum contaminant levelg
of required parameters. ’

. 1

Because of the low concentrations in-
volved in the regulations, there is often
just one analytical method cited for’

+ each parameter.
\

- Individuals or organizations may apply
to EPA for permission to use methods
not cited in the above, Approval of -
alternative methods for nationwide use
will be pyblished in the Fedéx}al'Register.

.

,_.--———”"’—_ —:T-——
. NITFIELD KITS - b

2

- Fi&ld kits have beeh devised to perform

anglyses outside of the laboratgxgy. The kit
may cantain equipment and reagents for only
ope test.or for a variety of measurements.
It may be purchased af put togethér by an
agency to serve its particular needs. ;
Since Such kits are devised for performing
tests with minimum time and maximum
simplicity, the types of labware and reagents

- eraployed usually différ sxgmfxca.ntly from the

A

equipment and supplies used to Perform the
same measurement in a.la})orator’}f .

~ .

Shortcomings ‘
J a s -
Field conditions do not accommodate the
equipment and services-réequired for pre-
treatments like dlstlllati n and digestion.
Nor is it practical toc

Other, problems are preparatix)n, transport
and storage of high quality reagents, of

extra .supplies required to test for and remove

sample interferences before making the
measugement, and of instriiments which -

.,

ry and use calibrated.
- glassware like burets and volumetric pipets.

/

‘

e
.

inking Water M5
' D. Drinking 'Water Ménjtoring
.o Coe . N,

-~

Uses:
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'\\ . s

are very sensitive in detectin‘g particular
constituents. One just cannot carry and-

set up laboratory facilities in thé field which
are efuivatent to stationary analytical
facilities. ’ .

N -
. N

Even though the results of fixi tests are .
usually not as accurate and precise as those_
performed in the laboratory, such tests do
have a place in water quality programs. .

In situations where only an éstinma te of the
concentrations of varicus constxtuents is
required, field tests serve well, They are
invaluable sources of information for
planning a full-scale samphng/ testing

progr m-when decisions must be made

ing location of sampling sites, *

nalme s. ) ﬁ

feren es to

. ,C 'i\LPDES Permits and State Certification_

o

¢ .
it meth;:s are not approved for obtainingy
data required for NPDES permits or State

construction certifications. If onc judges

"that such a method 1s justifiable for these

purposes,’ he must apply to EPA for per-
mission to use it.. N )

4 . .
The DPD test kit for rgsidual chlorine is
approved in the December, 1975 Federal
Register for monitoring drinking water

, +in cases where chlorine tests are sub-

SAdeg o~ T

stitutes for microbiological tests. -

A

. —. .
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SPECIFIC CONDUCTANCE »

. "L‘ \i .

. ~. INTRODUCTION
An electrical conductivity measurement of a
solution determmes the ability of the soluttbn
to conduct an electrical current. Very .
“concentrated solutions have a large populat1on
of ions and transmit current easily or with
—sthall resistance. Since resistjvity is’
inversely related to conductivity K = g,
a very concentrated solution has a very
high electrical conduct1v1ty .
Electrical conductivity is determined By
transmitting an electrical current through
ngen solution, using two electrodes. The
resistance measured is dependent principally
upon the 1on1c concentration, ionic charge,
‘and temperature of the solution although
electrode characteristics (surface area and
spacing of electrodes) is also critical. Early
experiments in standardizing thé measurement
led to construction of a ''standard cell" in
which the electrodes were spaced exactly 1 em
and each had a surface area of 1 cm”. Using
this cell, electrical c,onductnnty is expressed
as "'Specific_ Conductance'. Modern specific
_ conductance cells do not have the same
electrode dimensions as the early standard
cell but have a characteristic electrode spacing/
area ratio known ag the "eell constant'.
=Ly "distance (cm)
R ™ rarea {cm?2)

A2y

K K
sp sp

k = cell constant \__ \
Spécific conductance units are Mhos/cm or
reciprocal ohms/em. Most natural, fresh
wafers in the United States have specific
conductances ranging from 10 to 1, 0060
micromhos/em, (1 mieromho =10

e

mto).

,J" N

I CONDUC’[IVITY INS‘fRUMENTS

I

.

Nearly all of thé commiercial specxﬁc con-
ductgnce instruments are of a bridge circuit
design, similay to a Wheatstone Bridge.
Null or balang# is detected e1ther by meter
movement, electron "ray eye'' tubes, or
headphones. Since resistance is directly
related to temperature, some instruments
have autognatm temperdture compensators,
although,inexpensivé models generally have
manual ternperature compensation.

°

" Conductivity instruments offer direct ‘specific

out when used with a cell
at particular instrument.

conductance
"matched" to t

_Electrodes within the cell may become
damaged or dirty and accuracy may be
affected; therefore, it is advisable to
frequently check the instrument readings
with a standard KC1 solution having a known
specific conductance.

»

II CONDUCTIVITY CELLS

Several types of conductivity cells are
available, each having general applications.
Dip cells are generally used for field
measurement, flow cells for measurement,
thhin a closed syst and pipet cells for
laboratory use. M@y modifications of.the
above types are available for specialized )
laboratory, applications; the Jones cells and
wductive%pacitance cells are perhaps the
most common..

Examples of various cell ranges for the RB3
- Industrial Instruments model 0
micromhos/cm scale range) are in Table 1.

. Rélative °
Cell
Number Value

Conductivity Maximum range
micrdmhos/cm

' Most accurate range
micromhos/cm

0~
0 -

Cel VSO2 y 1
Cel VS2. . 10
Cel VS20 , 100

p0
500
0 - 5000

Table 1

.

EKC"H COND. 2e. 1, 80

3 - 30
20 - 300
200 - 3000

110




@

Specific Conductance

BN
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T Computation of Calibration Constant

. A calibration constant is a factor by which

scale readings must be multiplied to, com-

pute specific conductance. "

Kep M -
where K"; = actual spegific cohductance

c, = oalibration consthnt

M = meter reading
For example, a 0. 001 N KG1 solution-
(147 micromhos/ cm standard) may show
a scale reading of 147. -

147

) 147 ‘c147 c= 147=

’

1.00

) In this case the cell is perfectly "'matched"

to the instrument, the calibration constant

is 1.00, and the scale reading represents
actual specific conductance. A variety of
cells, each covering a specific range,

. may be tised with any one instrument. N
However, a calibration constant for each
cell must be computed before salutions of
unknown specific. ‘conductance can be .
determined’

o -

.

Vv RELATIONSHIP OF SPECIFIC GON- ~

' DUCTANCE TO IONICWCONCENTRATION *

Natural water consists of many chem1cal
cénstltuents, each of which may dlffer
widely in‘ionic size, mobility, ind solub1l1ty.
Algo, tota¥ constituent concentration and
* proportions of certain ions in various natural
waters range considerably, However,
¢ ig surprising that for most natural watdrs
“having less than 2, 000 mg/L, dissolvgd
. solids, dissolved solids values are 4Glgsely
related to ' specific conductance values,
ranging in a ratio of .62 to .70. "Of course
this does not hold true for certain waters .,
having considerable amounts of nonionized
soluble materials; such as organic com=-
"pounds and nonionized, colloidad inorganics.

. 4
¢

-
P
o .

i ionie concentration of the water.

-

-

.
*

Properties of some inorganic ions in regard
to electrical conductivity are shown below::~-

micromhos/cm

Ion per meq/L conc.
K Calcium 52,0 .
Magnesium ' 46.6
Sodium ' , 48,9 -
Potassium 72.0
" Bicarbonate Y 43,6 -
, Carbonate \\/ 84,6
Chloride . 75.9

V1 ESTIMATION OF CONSTITUENT .
CONCENTRATIONS

Generally speaking, for v{aters having a
dissolved solids concentratmn of less than
1,000 mg/L, calcium and magnesium “(total
hardness), sodium, bicarbonate and
carbonate (total alkalinity), and sulfate are
the principal or most abundant ions,
& representing perhaps,90-99% of the total
Specific
conductance, total hardness and total
alkalinity are all simple and expedient
measurements which can be performed in
the field. Therefore, the remaining principal
"  ions are sodium and sulfate, and concentrations
of these can be estimated by emp1r1\.al .
methods, For example, we find that a certdin _
water has:

Kgp = 500 micromhos/cm
Total Hardness = 160 mg/L or 3. 20 meq/L

Total Alkalinity =200 .mg/L or 3.28 meq/ L.
as bicarbonate.

Next we multiply ‘the specific¢ conductance by
*0,011 (500 X 0,011 = 5,50) to estimate the
total ionic concentration in me4/L.

* This factor may vary slightly for
different waters .

N Al

. (ol

- -y —

¢ Cations (rrleq/ L) ’ Anions (meq/L)

Carbonate 0.00
Bicarbonate 3.28
Sulfate 5.50-3,28 = 2,22

Calcium
Magnesium
Sodium 5.50~-3.20:= 2,30

3.20

Total Cations 5.50 Total Anions 5.50 ,

~~~~~~~
E
o

PEC 5
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; : Specific Conductance
Realizing that’several variables'are involved "D Geologye-. ‘
in empirical analysis, application rests ] o
entirely upon testing the formula with previous i 1 Stratigraphic identification and
complete laboratory analyses for that . - characterization
particular water, If correlation is within : .
acceptable limits, analytical costs. may be - a _ geological mapping
substantially reduced. Empirical analysis e b oil explorations™ ’ .
can also be used in determination of proper B .
aliquots (dilution factor) necessary for Y E Oceanography . DY
laboratory analysis. ¢ ‘
~ 1 Mapping ocean currents
Records of laboratory chemical ana}ysm may ) , ‘.
indicate that a particular stream or lake \ ‘2 Estuary studies . e
., shows a characteristig response to various . . ) ) : )
streamflow rates or lake water levels. If o 'I’I/ydid'ogy — 2. .
. the water's environment has not been altered ) . of
and water composition responds solely to ~ 1 Locating new water supplies
natural causes, a specific conductivity .
measurement may-be occasionally used in_ ) a uried stream channels (See Fig. 1) .
substitution for laboratory analyses to . b ‘springs in lakes and
determine water quality. Concehtration of o . streams (See Fig. 2)-
individual constituents can thus be estimated . ’ 3. -
from a specific conductance value. .~ 2 Detection and regulation of sea water . *
’ - % encroachment on shore wells T
.VII APPLICATIONS FOR SPEGIFIC/ ( voow Do~ . R
CONDUCTANCE MEASUREMENTS ,; " .G Water Quality Studies - -
A Laboratory Qperatxons( ) v 1 Estimation of dissolved solids(z) ;

, (See Section V, also Fig, 3)
Checking purity of d13t11%ed and de- : -
ionized water . ' © 2 ‘Empirical analysis of constituent

. concentrations (See Section VI, also
Estimation of dilution factors for reference 2)

samples s

k 3 Quality control check for salt water

3 Qua]ity control check on analﬁical conversion studies ~q
accuracy . -
: e . 4 Determination of rmixing efficiency
4 An dectrical indicator - . of streams (£ze Fig. 4) -

-~

B Agriculture \, "5 Determination of flow pattern of

. 3 pglluted currents (See Fig. 4) )
\ 1. Evaluating salinity :
S . % Identification of significant fluctuations
2 “Estimating"Sodium Adsorption Ratio +. % in’industrial wastewater effluents. .
' * \ : . b -
C Industry‘s) , \ 7 Signal of significant chinges in fhe \
N/ * composition of influents to waste !
. 1 Bstimating corrosiveness of water in . treatment plants ’
steam boilers . = R .
2/ Efficiency check of boiler operation- , ’ 3 :
/ . . - - .
// ) E 2 ' N
R . - l l . ‘ =3
. l'h
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Specific Conductance ¢

VIII NPDES METHODOLOGY .

Al

The Federal Register "List of Approved .
Test Procedures' for NPDES require-
ments 'specifies that. specific conductance

'be measured with a self-contained

ndyctivity meter, Wheatstone bridge
eﬁl) (2){3) )

Temperature directly affects specific
conductance values (see Fig. 5). For
this reason, samgles should preferably
be analyzed at 25 C. If not, temperature
corrections should be made and results

-reported as umhos/cm at 25°C.

Jd N
1 The instrument should be standardized
using KCl solutions. (See Fig.6)

2 "It is essential to keep the conductivity
cell clean,

The EPA manual specifies using the
procedure as described in Standerd \

Methods( -) or in ASTM Standards( ).
These are approved in 40 CFR136 for
NPDES Report purposes.

(1)

Precision and Accuracy

Forty-one analysts in 17 laboratories
analyzed 6 synthetic water samples - »
containing the following K - increments

. of iforganic salts: 100, '106. 808, 848,

1640 and 1710 rmcromhos/cm. s

'd )
v -3

, OWFO,

The standard deviation of the reported b
" values was 7.55, 8,14, \66. 1, 79.8,
106 and 119 pmhos/cm respectively.

_The accuracy of the.reported values was
-29,3, -38.5, -87,9 and

‘2.00 hod » "9 . . '
‘-e(é'ft;es/cmvbias respectively. « !

¢

REFERENCES

1 'Methods for Chemical Analysis of Water
: and Wastes, EPA-AQCL, Cincipnati,
Ohio 45268, 1974.

2 Standard Methode for the Examfnation
‘of Water and Wastewater,' APHA-AWWA-
) WPCF, '14th Edition, 1976. ‘ \

’,

3 ASTM Annual Book of Standards. Part 31,
1975.

This -outline Was prepared by John R. Tilstra,
Chemist, National Eutrophication Research
Program, Corvallis, Oregon with additions

by Audrey D. Kroner, Chemist, National
Training and Operational Technology Center, v
USHPA, Cineinnatl. Ohio 45268,

Descriptors: 'Chemical AnaIys:.s. Concentratlon.
~Congluctivity, Dissolved. Solids, Electrical
Conductance, Ions, Physical Properties, Salinity,
Sodium, Specific Conductiwty. Sulfates. Water

_ Analysis, Water Supplies. -
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: . CALIBRATION AND USE OF A CONDUCTIVITY METER
€ \’ ¢ ." - *
, * s > [ r
1‘ EQUEMENT AND. RE;.AG'EN&‘-S, ‘ . ) * turning the specific conductdnce switch.
. ) ‘ The specific conductance reading should
A Equipment . o h .be apprommate]y 200 m1cromhos/ cm,
3 ”
’ - 3

‘1 Solu Br1dge conductimty meters , -

L

2 Probes
II. DETERMINATION OF THE CALIBRATION
a Cell VSO2 .. CONSTANT , .
b Cell VS2 . . ' - A Determine the temperature of the .
. ., N standard KC1 solutions and move the -
¢ Cell VS20 o L ' h : * temperature knob to that value.
1 .
3 Thermometers B Conrfect probe Cell VSOg to' the con-
d ' . | ductivity. meter. ) .
4 400 ml beakers - .
. ‘ A CT C Rinse the probe in the beaker of
! B Reagents ) distilled water wipe the excess water
’ ’ . . with a: kimwipé and place probe in the:
1 Standard KC1 solutions R first beg,ker of KC1 solution (0.0001 N).
Normality of 'Specific ~Conductance"',; .D Make certain the cell ig submerged to
KC1 Solution micromhos/em, - == - a point at least 1/2 inch above the air
. ) hole and that n6 entrapped air remams
T, 0. 0o e 1 The cell should also be at least.1/2
0.01 1413.0 ‘ifich from the ‘inside wallsiof the flask.
0.1 12900.0 -~ . ° ‘ ’ ) .
. - v ,& E Press and hold down the ON-OFF
2 Distilled water ’ \ button, ltaneously rotating the main+ *
. ) . e + scale kn il the meter re zero,
) ‘ . , Release the ytton. ( the meter needle
‘I CHECK[NG THE INSTRUMENT o~ j*, remains off"scale or qannot be nulled,
o "discontinue testing in that solution D )
A The measurement of specific conductivity .
as presented in sections II and II ig ) 'F Record the scale readigg in Table\i( and
i wwritteh for one type of conductivity meter proceed to KC1 golutions 0, OblN, '
v and probe‘ LI . 0,0iN, 0.1N psing.Steps C, Dapd,E.
S -B A -batter§ check is made by depressing G Repeat ‘steps C through F us1ng the VS2,
' the Battery Check switch, and at the | —— then the VS20 pyrobe. .
same time pressing the on-off button. e
. _The meter needle should. deflect to the “H Compute the cell calibration constant a
- " right (positive) and come to rest in thes _ factor by which scale readings must be
l green zonex\ multiplied to'compute sgeciﬁc conductance®
) - A c.u .}} KSPTCM ' b
«';:C Place a 10,000 ohm resistor in the holes 27 where K = actual specific conductance,
- of the electrical contacts on the meter. B ¢ = calibi&fion constant -
L Turn_the temperature knob to regd 25°C M= meter reading
: . Depress the on-6ff" button and bring the | (continued next page)
*  meter, needle to a“reading of 0 by v . ) " -

e o . . . v

CH. COND, 1ab.3c.u.80 .

o P ‘o . -~ T .
. . . — $. - :
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- Calibration and Use of a Condu;:&/vity Meter

ML

]
N LK)
ST

‘. Rélative - 3
Conductivity  Maximum range Most accurate-range

Cell /
NumbZr °  value . micromhos/cm micromhosfem - - .
_Cell ¥s02 T 0- S0 s 2=~ 30 . ) .
Cell (S2 10 0 - 500 20 - 300 .. ",
Cell WS20 100 0 -fooo 200 -.3000
/ . - .
TABLE.V DATA FOR CALIBRATJON CONSTANTS —
Probe Cell VSO2 - &1 vs2 > cell vs20.
KCl : . <.
Solutions | 0,0001n | 6.001N [0.01N [0.1N | 0.0001N] 0.001N] ©0,01N] 0% 1N | 0.0001N Jo.001Nf 0, 0IN| 0. 1N
»
e .| Test d P
- el : - » M ‘;‘ - '
» .,‘wf: . ¥ i N . .
Cent : ) 4
Constant . .- . . -
v ) ~ ¢ [
, i .
. ACKNOWLEDGMENT

For-each cell, calculate the cell constant

by using the meter réading closest to the

400 - 600 range. The known specific
nductance for the corresponding KCl

This outline containslce(tain portions of
previous outlines by MeSsxg J., W, Mandia
and J. R, Tilstra, ;.

solution can be found in IB Reéagents. Record \ )
the cell constants on Table I. - , . - . Coy i
. REFERENCES} -
‘ . .6 .
¢ : 17 Methods for Chemical Analysis of e

. Water and Wastes, USEPA, AQCL,

v DETERMINATION OF K FOR SAMPLES .
Cinc1nnat1 OH 45268 1974,

- Obtain meter readmgs, M, for samples . . ) )
‘A, B and C using Section III C, D and E. 2 ~Standard Methods for the Examinﬁi‘on

.+ Record M in Table 2. See Table I for . of Water and Wastewater, 14th
the appropriate cell constant, ¢, to - .. Edition. 1976,

calculate Ky, for each sample where y s . .
=-¢M. Record results in Table 2. 3 Book of ASTM Standards, Pa’rt 31, 1975.
. % - A 8

. Lo

° ‘ . This outliné*was pr‘é“paréd-by C. R, Feldmann,
V EPA METHODOLOGY - Chemist, Nati_onal Trairing and Operational
Technology Center, and reyised by Audrey D.

* The current EPA Manuall!) gpecifies’
e e p e Kroner, also with National Training dnd

using the procedures found in Refenences A -
2 and 3, These procedures have been Operational Techfiology Center, OWPO,
.adapted for this laboratory session and USEPA, Cincinnati; Ohio 45268, —
all‘are aprrovéd in 40CFR136 for NPDES -
" report purposes. ) Descriptors Analytical Techniquee; Conductivity,
. Electrical Conductance, Specific Conductivity.
Water Analysis, - .
TABLE 2, SPECIFIC CONDUCTLVITY TESTS

Sample A B T
) ‘\P robe Cell | Gell|' Cenl | Cell | Cell | Cell | Cell. | Cell.| Cell
vso2 | Vs2| vszo | vsoz | vsz | vs20 | vSO2 vsz | vszo
1 - o Tl Pt
T Y ,I L, . ) .
\ : - 2,
Cell . R - '~ s - .
Constant ]
Sp. Cond. . . . : .
pinhos/cm K ) . '




s T PISSOLVED OXYGEN L.
DETERMINATION BY ELECTRONIC MEASUREMENT ,

. ' . [ -
.

- v (%

I INTRODUCTION . 2 Electronic measurements or electro-

’ < metric procedures - procedures using
A Electronic measurement of DO is attractwe the measurement of potential differences
~ »for several reasons: ) ) . as an indicator of reactions taking

. place at an electrode or plate. .
1 Electronic methods are more readily , ’

.' adaptable for automated analys1s con- ' 3 Reductmn - any, process in wh1ch one
*  tinuous recor.ding, remote sensing or or more electrons are addeg to an atom
o portability o or an ion, such as €, + 2¢ — 20
) / ~  The oxygen has beenreduced. N
2 Apphcztion of electronic methods with ) - . a "
membrane protectioh of sensors affords 4 Oxidation - any process‘in which ohe
a high degree of interference control. or more electrons are¢ removed from ..
~ .- \ an atdm ar an ion, such as Zno - 2e
3 Versatility of the electronic system ' — Zn*2, The zinc has been oxidizetl.
Lt permits design for a particular measure- LT )
Py ment, s1tuat1on or use. 5 Oxidation - reduction reactions - in a
' - ‘ strictly chemical reaction, sredyction §
: 4 Many more determinations per man- . "7 cannot occur unless an equivalént . .
hour are possible with a minor expend- amount of some oxidizable substance _
- iture of time for calibration. . . has been oxidized. For example: .
» =W . Y , : ¢
B Ele%ixonic methods of analysis impose - 2H, + O, 2H,0 ‘. ’ _ ‘

“certain restrictions upon the analyst to +1

——tp
pud
-
insure fhat the response does,’in fact, Hy.-de = 4H
-
=

hydrogen oxidized(

indicate the item sought. . ot 0, +4e 2072 oxygen reduced ™
1 The ease of reading the indicator tends - ’ g oo b : '
to progyce a false sense of security. ) Chemical reduction of oxygen may also )
Frequent and careful calibrations are e be accomplished by electrons supplied
N essential to establish workability of the 0 3 noble metal electrode by a battery
en " apparatus gnd validity of its response.. or ‘other energizer. .
' ¢ . b ; . N s -
2 The yse of electronic devices requires’ 6 Anode Zan electrode at which oxidation * . )
!
a greater degree of competence on the - *  of some reactable substance oceurs. .
part of the analyst. Undeérstanding of? - K \ , I
the behavior of oxygen must be supple- a7 Ca.thode - an electrode at which
mented by an understanding of the ‘ reduction of some reactable substance
particular instrument and its‘beha.vior <t occurs. For example.inI,C,3, the
‘during ude ) . . \ reductlon of OXygen occurs at the’ M &
. o ca.thode. “,
C Definitions . - - : ‘ -
" I ) 8 Electrochem1c§.1 reaction - a reaction ’ |
1 Electrochemistry - a branch of chemistry ' involving simultaneous gonversion of
dealing ith relationships between, - . chemical energy into electrical energy “ .
electrical and chemigal changes. B or the reverse. These conversions are N
Note: Mention of Commercial Products and Manufactugers Does N . .
““ Not Imply Endorsement by the Environmental Protection, o g )

. Agency. : , . - _ v . —

- . .

s - CH.O.do. 323, 2, - - / v o '7~ . : | ,'. .
I /J:\ , 119 .F'~ | e L ‘ ,\*

-
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Dissolved Oxygen Determination -
b
v/ equivalent in term3s of chemical and " b 'Poiarographic (electrolytic) cell -
° electrical energy and generally are an electrochemical cell operated in
reversible. o~ such a way as to produce a chemical

9 Electrolyte a solution, gel, or mixture

v capablk of conducting.electrical energy

" and serving as d reacting media for

chemical changes. The electrolyte

con‘m.xly contains an apprqQpriate

concentration of selected mobile ions

. to promote the desired reactions.

- 10 Electrochemical cell - a device con-

| sisting.of an electrolyte in which 2

electrodes are immersed and connected

via an external metallic conductor.

. o The electrodes may be in separate
compartments connected by tube con-
taining electrolyte to complete the

. internal circuit. .

. a Galvanic (or voltaic) cell - an
electrochemiel] cell operated in
such a way §s to\produce electrical
energy from\a chdmical change,
suchr 4s a battery (Bee Figure 1).

'

, PN
. l NER R
> Anodo N . Cathode
.- ,;';; o 1| IS :f ‘
¢ £ Pl
k2 . <§:’, ™ \*1:
. s 92
& et
l%g' . ’ ks
e ~ s
nHe ° %‘: cutt
S £7
. o A
S04 S04~
LY
‘. . :
T GALVTIIC CELL
- .
Figure §
- ’ sy - —g\ e
. -
- i
s
<
. A -
o -~
. -
-
. .,
" d
> o )
\ 2 s - - s
. . ”~ .
v Q i

Aruitoxt provided by Eic:

s (See Figure 2).

change from electrical energy .

S04=—

. d 504--
pod POLAROGRAPHIC CELL o
Flgure 2
Y /

/;‘» {\. . .. a

D As indicated ifi I. C\ 10 the sign of an
electrode may change as a résult of the )
operating mode, Thé conversion by the ° _—_—
reactant of prir@ry' interest at a given
electrode therefore designates terminology .
for that electrc)bge/énd operatiné mode.

In electronic oxygen analyzers, .the .
electrode at which oxygen reduction gccurs: °
is designated the cathode. ' .

E Each cell type has character\ikic advan'aa.ges : 3
- ‘and linfitations. Both.may be ysed -
effectively. . - .
y 3! . . . -
1 The galvanic cell depends upon .
measurement of electrical ener
* produced as a result of oxygen \\v
- ~ . 4

- . .

120 o -

N A - )
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reduction, If the oxygen content of the
sample is negligible, the measured \
current is very low‘and indicator driving
force is negligible, therefore response
time is longer. | T .

The polarographic cell uses a standing
current to provide energy for oxygen
reduction. The indicator response
depends upon a change in the standing
current as a result of electrons
JYeleased during oxygen reduction., .
Indicator response time therefore is
not dependent upon oxygen concentration.

<

Choice may depend upon availability,
habit, accessories, or the situation.
In each case it is ngcessary to use
care and judgment both in selection
. and use for the objectives dgsired.

ELECTRONIC MEASUREMENT OF DO

Reduction of oxygen takessplace in two
steps as shown in the following equations:
1 0,+2H,0 +2e= H,0, + 20H"

R LY
24—1202 +2¢ —20H B
Both equations require électron input to
activate reduction of gxygen. The first
reaction is more important:for eleéironic
D® measurement because it occurs at a
potential (voltage) which is below that .
required-to activate reduction of mqgt
interfering components (0.3 to 0.8 volts
relative to the,saturated calomel elkctrode
SCE). Interferences that may be reduced °
at or below that required for oxygen
usually are present at lower concentrations
in water or may be minimized by the use
of a gelective mémbrane or other means.

When reductmn occurs, a definite quantity |

of electrical | energy is produced fhat is
proportional to the quantity of reductant
entering the reaction. Resulting current
measurements thus are more specific for,
oxygen reduction.

Most electronic measurements of oxygen
are based upon one of two .techniques for
evaluating oxygen reduction in linte with

Dissolved Ox'yéan Determination

r

.
~

equation. II.A.I. Both require activating
energy, both produce a current propor- “
tional to the quantity of reacting reductant.
The techniques differ in the means of S
supplying the acttvating potential; oner -
employs a source of outside energy. the
other uses spontaneous energy produced
by the electrode pair,

1 The polarographic oxygen sensor
relies upon. an outside source of __l
potential to activate oxygen reduction
Electron gain by oxygen changes the
reference voltage <

a _Traditionally, the dropping mercury
electrode (DM@) has been used, for
. fpolarographic measurements. Good
|\results have been obtained for DO
ing the DME but the difficulty of
méifitaining a constant mercury drop
rate, temperature control, and
freedom from turbulence makes it
impractical for field use,

Solid electrodes are attractive .
because gredter surface area
improves sensitivity. Poisoning
of the solid surface electrodes is
a recurrent problem. The use of
selective membranes over noble
metal electrodes has minimized
but not eliminated electrode con-
tamination. - Feasibility has been
.improved sufficiently to make this
type popular for regular use,

. t |

2 - Galvanic oxygen electrodes consist of
a decomposable anode and a noble
metal cathode in a suitable electrolyte
to produce activating energy for oxygen
reduction (an air cell or battery). Lead
ifrommonly used as.the anode because”
its decomposition potential favorg
spontaneous reduction of oxygen. The
process is continuous as long as lead
and oxygen are in contact in’'the electrolyte
and the electrical energy released at
the cathode may be dissipated by an
outside circpit. THe anode may be ~
conserved by limiting oxygen ayailability.
Interrupting the dutside circuit meay
produce erratic behavior for a time

, after reconnection The resultmg

»
a .

.. P} ,
J? 11-3 -,

-




. 2 .
- N . : )
LU Dissolved ngggn De}ermination | B - . . ]
. V‘.‘ - . "\"‘ . . . .7 ’ ) B K}
' ‘ [ 3 i ; ' LA f N
q . . . ]. y . .
. current produced by oxygen reduction protective membrane. A curve of
‘may be converted to oxygen concen- . e oxygen.solubility im water versus |
tration by use of a sensitivity coeffi¢ient ’ mcbsasing temperajure may be concave
°  obtained during calibration, Provision z dovgnward'whﬂe a similar curve of
ofa pulsed or 1nterrupted signal makes i sensor response verggs temperature
S \ it possible to amplify or, control the. - -is concave upward, Increasing’
' signal and adjust it for direct reading. s temperature dé‘&eases oxygen solubﬂity .
‘in‘terms of oxygen concentration or to and increases probe sensitivity and
. compensate for temperature effects. < membrane permeability“, Thermistor
-t - .o . . actuated compensation of probe . ~ )
O T L ,"‘ response Based upon a- linear relation-_ “3
II - ELECTRONIC DOANA LY ZER o "' ship .or avérage of oxygen solub1lity . '

" APPLICATION FACTORS . .‘ o and electrode sensitivity i8 not precigely
- correct as the maximumyspread in

A Polarograpluc or galvamc DO. instruments curxzature occurs at.about-170C w1th }

[l

' operate as a result-of oxygenipartial & ’ lpwer dev1at1ons from linearity above
pressure at the sénsor surfacé to produce or below that temperature. If the -
a signal characteristic of oxygen ‘reduced instrument is calihrated at a temperature.
* at the cathode of some electrode pair. - within + or - 50C of workmg temperature,
, This signal is conveyed to an indicating i the compensated readout is likely to be
device with or ‘without modification for ‘ within 2% of the real value:. Depending
- sensitivity-and teggperature or other - _ upon probe geometry, the labdratory
. influences dependirg upon the~1nstrument sensor may. require 4 to 6% correction . ° )
' capab111t1es and intended use. T, L. _of signal per © C change m“’hquld\ '
a < L. temperature. , M
"1 Many approaches‘and refinements have® ° o Ao ’ .
been used to improve workability, ; 2 Increasing pressure tends to increase - ;
applicability, validity, stability and ' ~ electrode response by compression 5
control of variables. Degvelopments | . and contact effects upon the electrolyte, P
are continuing, It is possible to produce dissolved gases and electrode surfaces.
. a device.capable of meeting any reasonable As long as entrained gases are not
situation, but situa‘tions differ, ; contained in the electrolyte or under
- the membrane, these effects are ~
2 Most commercial DO mstruments are negligible, | o A
designed for use under specified con~4:
_ ditions, Some are tnore versatile than ‘ Inclusion of entrained gases results in ,
" others.- Bénefits are commonly reflected - erratic response that increases with
in the price. It is essential to deter= depth of immersion.
Vo % mine the requirements of the theasure- I-
o ment situation and objectives for use. 3 ElectrodeQBensitiyity changeg oceur as - .
s Evaluation' of a given-instrument in a result of the nature and concentration’ ’
terms of sensitivity, response tinie, of contaminants at‘the electrode sur=«
s poftability, stability, service ¢ - faces and possible physical chemical or
’ characteristics; degree of automation, = electronic side reactions produced. o
. and consistency are used for judgment These may take the form of a physical LT
: on a cost/benefit basis to select the | barrier, internal short, high residtal L. :
most acceptable unit. N current, or chemicdl changes in the
i . ' - . T metal surface,” The.membrane is 7
-'B Variables Affecting Electronic DO - intended to allow dissolved- gds pene~ i
~ ' Measurement ~ 7 _ : T . tration but to exclude passage’of ijons = " -
-7 cw S, or particulates, Apparently some jons .
1 Temperature affects the solubﬂity of - or materials producing extranheous ions *"'° s~
oxygen, the magnitude of the-resulting - . within the"electrode vicinity are able
. signal and the permeability of the -, - to pass in limited arnounts which * ]
» g& b .

Q

11.4 | - ; ‘." : . 122 . r“‘&" B - -
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become sigmflcanKm time. Dissolved decrease respanse time and increase
~gases tnelode 1) oYgen, 2) Attrogen, \%r;ii;iv;ty’but is less selective and

¢

3) carbon dioxide, 4) hydrogen sulfide, e ruptured more easily. The
: and certain others. Item 4 is likely to ° choice of material-and its uniformity
. . be a major problem. Item.3 may pro- . affeqts response time, selectivity and
. duce deposits in alkaline media; most dusability. The area of the membrane
electrolytes are alkaline or tend.to and its permeability are directly
become sq in line with reaction II.A, 1, . related to the quantity of transported
The usable life of the sensor varies . materials that may produce a signal.
with the type of electrode system, . The permeability of the membrane
surface area, amount of electrolyte material is related to temperature and
and type, membrane characteristics, to residues accummulated on the
nature of the samples to which the, membrane surface or interior. A
system is exposed and the length of v cloudy membrane usually indicates
exposure, For examplg, galvanic deposition and more or less loss of
electrodes used in activated sludge - ) S1gna1 o
units showed that the time bétween
cledhup was 4 to 6 months for electrodes 6 Test media characteristics control the
- _usedfor intermittent daily checks of interval of usable life between cleaning
effluent DO; continuous use in the mixed and rejuvenation for any type of
liquor required electrode cleanup in 2 electrode. More frequent cleanup is’
to 4 weeks, Each eledtrometric cell essential in low quality waters than for
. configuration and operatmg mode has 3 high quality waters. Reduced sulfur
- its own responsg charactenstlcs v - compounds are.among the more
- Some are more gtable than others. . troublesomé contaminants. Salinity
It is necessary’to check calibration affects the partial pressure of oxygen
frequency required under conditions at any given temperature, Ti‘% effect
, of use as none of them will maintain is small compared to most, oth§r
uniform response indefinitely. Cali- ., . variables but is significant if salinity
bration befoge and after daily use is ; _changes by more than 500 mg/L.

advisable. -~ . .
. 7 Agitation of the sample.in the vicinity

4 Electrolytes may consist of solutions of the electrode is important because

. ' or gels of ionizable materials such as DO is reduced at the cathode. Under
acids, alkalies or salts, Bicarbonates, quiescent conditions a gradient. in
KC1 and KI are frequently used. - The digsolved oxygen content would be

stablished on the .sample side of the
embrane as well as on the electrode .
ide, resulting in atypical response,
[lhé sample should be agitated

electrolyte is the transfer and reaction ’
media, hence, it necessarily becomes
contaminated before damage to the

electrode surface may occur. Electro-

1Y

1 ' lyte concentration, nature, amount and .  sufficiently to deliver a representative
quality affect regponse time, sensitivity, portion of the main body of the liquid
' stability, and specificity of the sensor to the outer face of the membrane. :
system. . Generally a small quantity of *  Ityis commorily observed fhat no \
electrolyte gives'a shorter response * a; agitation will result in a very low or
time dand higher sensitivity but also may- negigible response after a short period
be affected to a greater extent bya - of time.  JIncreasing agitation will cause
: given quantity of contaminating sub- . the response td rise, gradually until
. stances. - some minimum liquid velocity is reached
, ’ that will not cause a further increase
5 Membranes may consist of teflon, - in response with increased mixing
polyethylene, ‘rubber, and cerfain energy. It is important to check "

L ) other polymeric. fi.lms Thickness mixing velocity to reach a stable high
- may vary fromﬁ 013 to 0. 076 mm signal that is independent of a reasonable
(0.5 to 3 mils). A thinner membrane will = change in sample mixing. Excessive

S123 0 .
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. mixin'g' may create g, vortex and expose 4 Teinperaﬁure compensation and temp- .
the sensing surface t!o air rather than erature readout should be incorporated.

A ' PR

sample liquid. This should be avoided. . )
A linear liquid velocity of about 30,5 cm/sec 5 Plug in contacts should be positive,

(1 ft / sec) at the sensing surface ig usually ° sturdy, readily cleanabIe and situated
adequate. . ' to minimize contamination. Water
' ’ ' seals should be provided where .
8 DO sensor responge represents a . necéssary.
potential or currgnt signal in the - T ' - . .
milli-volt or milli-amp range in a 6 The sensor should be suithbly designed
high resistance system. A high.quality’ .- for the purpose intended in terms of . .
«lectronic instrument is essential to ’ sensitivity, response, stability, and R
maintain a usable signal-to-noise ratio. protection during use. It should be «
, Some of the more common diffict;ltl.es . _easy to clean, and reassemble for use
include:* o “with a minimum loss of service time.
a Variable line voltage or low batteries’ -7 Switches, connecting plugs, and con-
in amplifier power circuits. | — tacts preferably should be lc{cated on Nzrig:
U or in the instrument box rather than .
.b Substandard or unsteady amplifier at the ''wet'" end of the line near the
or resistor components. . sensor. Connecting cables should be
) , multiple strand to minimize separate
¢ Undependable contacts or junctions lineg; Calibration controls should be
in the sensor, connecting cables, or convenient but designed so that it is
instrument control circuits. not likely that they will be madvertently _
shifted during use.
d’ Inadequately shielded electronic - . e ™
' components, 8 Agitator accessories for bottle use
: impose special problems because they
e Excessive exposure to moisture, ' should be small, self contained, and
fumes or chemicals inh the wrong | readily detachable but sturdy enOugh
places lead to stray currents, L to give positive agitation and electrical
; #internal shorts or other malfﬁnction continuity in a wet zone. R
C Desirable Features in a Portable Db 9 Major load batteries should be
Analyzer ) w rechargéable or readily replaceable.
i ‘ Line operation should be feasible =~ .
1 The unit should include steady st‘ate ) . ‘'wherever possible,
performance electronic and indicating o i ‘
- components in a convenient but sturdy ', 10 Service and replacement parts avail-
- package that is small enough to carry. " ability are a primary consideration.
1 . Drawings, parts identification and
_ 2 There should’be provisfons for addition .| trouble shooting memos should be" -
* ' of special accessoriesl‘;ih as bottle : corporated with applicable operating -
orfield sensqQrs, agitators, recorders, : structions in the instrument manual
"line extensions, if needed for specific in an informative organized form. g
requirements, Such additions should . ' R
be readily attachable and detachable D Sensor and Instrument Calibration | -

and maintain good working characteristics. ¢ .
The instrument box is likely to have some

'3 The instrument should-include a form of checkto verify electronics, ‘ ,
., sensitivity adjustment which upon battery or other power supply conditions
n = calibration will provide for direct for-use. The sénsor commonly is not
reading in terms of mg of DO/L,, included in this check. A known reference
L ‘ A - 104 o
- 118 o 124 , : .
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Y

d after daily use ynder
evere, conditions,changes

calibrate before
test conditions.
in conditions, o
calibrations during the use period. The"
readout scale is likely to be labeled -
ca.libratfon is the bqsis for this label.

»,

The fo..lowing erended:

1 Turn the instrument on and allow it to ’
reach a stable condition. ‘Perfarm the
_recommended instrument check as
outlined in the operating manuai

2 ‘The instrument check uSualJ.y includes
an electronic zero correction. Check
each instrument against the readout

-« scale with the sensor immersed in an
agitated solution of sodium sulfite
containing sufficient cobalt chloride to
catalyze the reaction of sulfite and
oxygen. The indicator should stabilize
on the zero reading. If it does not, it
may be the result'of residual or stray
currents, internal shoxting in the
electrode, or membrane rupture,
Minor adjustments may be made using
the indicator rather than the electronic
controls. Serious imbalance requires
electrode reconditioning if the electronic

, check is O,.K. Sulfite must be carefully
rinsed from the sensor until the readout

¢ stabilizes to prevent carry over to the
next sample,

samples of clarified water SM
t to be tested. This water should

modification of the iodometric titration.

5 Insert a magnetic stirrer in the other

bottle or use a:prohe agitator. Start
agitation after insertion of the sensor
assembly and note the point of
stabilization. O

ot contain significant«test interferences.

. >

" a Adjust the instrument calibration
control if necessary to compare
with the titrated DO.

If sensitivity adjustment is not

possible, note the instrament
stabilization point and dél%nate

; itasua, A sensitivity coelficient,

. ¢ is equal to DO

titrated value for the sample on

where DO is t}yé/

which ua wag obtained. An unknown

DO then becomes DO = L‘f' . This,

) factor is applicable as long as the
sensitivity does not change.

8 Objectives of the test'program and the

-

type of instrument influence calibration

requirements. Precise work may
require calibration at 3 points in the

;: * DO range of interest instead, of at zero -

and high range DO. One calibration
point frequently may be adequate.

Calibration of a DO-sensor in air is a
quick test for possible changes in
gensor response. The difference’ in
oxygen content of air and of water is
too large for air calibration to be
satisfactory for precise calibration
for use in water.

— 3 I',’: )

- FAERY
L]

IV This section rev1e€;vs che.racteristics of

1 sample ]aboratory instruments.”

available instruments; those described are
used to indicate the .approach used at one
stage of development which may or may not
represent the current available model.

A The electrode described by Carrit and
Kanwisher (1) is illustrated in Figure 3,
This electrode was an early example of’
those using a membrane. The anode was

a_silver - silver oxide reference cell with

a platinum disc cathode (1-3 cm diatneter).

. The salt bridge consisted of N/2 KCl and

)

e

.
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KOH. The polyethylene membrane was
held in place by a retal ing. An
applied current was,used in a polarographic
modes Temper%tture effects were relatively
large, Thermistor carrection was studied

. but not integrated with early models.

'.(n, .

Retaining Ring

[ R I T I

’
Plattnum Disk L-Electrolyle Layer .«

\

Figure 3

’ A d -

¢

B 1The Beckman oxygen electrode is another

4

illustration-of a polarographic DO sensor -
(Figure 4). It maagold cathode,

a silver anode, an electrolytic gel con-
taining KC1, covered by a teflon membrane.
The instrument has a temperature readout
and compensating thermistor, a fource 7
polarizing current, amplifier with signal
,adjustment and a readout DO scale-with

" recorder contacts.

-ELECTRONICS b
l\c'uul.l '

T -
INDICATING
mETee s
.

R — 3 b— o
h\ \\\ \\l,-cu i:;lsll:s‘l‘:.l?::: }:locgrou

SENSOR

o evoC

/‘OUII' soov Tecoener

L wsisror -
TNERMISTOR M

$

r

TLILON n!ulnul, ’ (-4
SHVEL ANODT
©O10 CATHODL

Figure 4, THE BECKMAN OXYGEN
SENSOR

>

-+

s

[N

. , o eb

.

~

'C The YSI Model 51 (3) is illustrated in

o Figure 5. This is another form of

.+ polarographic DO analyzer. The cell
consists of a silver anode coil, a gold ._
ring cathode and a KCl electrolyte with
a teflon membrane. The instrument has
a sensitivity adjustment, temperature and
DO readout, The model 51 A has temp-

-~ erature compensation via manual preset
dial. A field probe and bottle probe are
available.

[s3 Ll s
YSi-Model 51 DO Sensor

'O’ Ring

Membrane

KCL Sojution

O

Anode Coil

Cathode Ring

D The Model 54 YSI DO analyzer (4).is based
upon the same-electrode configuration but
A modified to include automatic temperature
compensation, DO readout, and recorder
jacks. A motorized agitator bottle probe
is available for the Model 54 (Figuye 6).

[
Y31 Medel 34 Agiteter Prebe

Aglteter Drive Red Mombrons Rotelner

kA
“
Aglreter Ring
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E The Galvanic Cell Oxygen Analyzer (7, 8)
employs an indicator for proportional DO
signal but does not include thermistor
dompensation or signal adjustment,

emperature readout is provided, The
sensor includes a lead anode ring, and
a silver cathode with KOH electrolyte 4
(4 molar) covered by 2 membrane film
i (Figure 7).

Precisien Galvanic Coll Oxygen Fr;b,

N . b Connector Leads
~—

A%
Thermistor Cohle
Retoiner

Topered Séction
to Fit BOD sottles

Plastic Membrane
N :/ Retainer Ring

v Silver Cathode .l

Leod Anode Ring

. , .
~  Polyethylene Membrone I}

. Pigure 7

\

'F The Weston and Stack Model 300 DO
Analyzer (8) has a galvanic type sensor
‘witha pulsed current amplifier adjustment
to provide for signal and temperature
compensation. DO and temperature
-, readout is provided. The main power
* supply is a rechargeable battery. The
sensor (Figure 8) consists of a lead anode
coil recessed in the electrolyte cavity
(50% KI) with a platinum cathode in the tip.
~ . The sensor is covered with a teflon mem-
- brang. Membrane retention by rubber
band or by a plastic retentiofi ring may be
. used for the bottle agitator or depth
sampler respectivély, The thermistor
and agitator are mounted in a sleeve that
also provides protection for the menibrane.

,
< 4 -

LT

3

G The EIL Model 15 A sensor is illustrated
in Figure 9.,9This is a galvanic cell with
thermistor activated temperature com-
pensation and readout. Signal adjustment
is prov.tded The illustration shows an
expanded scheme of the electrode which
when assembled compresses into a sensor
approximating 1, 569 cm diameter and 16, 2 cm.
length ekclusive 'of the enlargement at the
upper end. The anode consists of com~ =
pressed lead shot in a replaceable capsule
(later models used fine lead wire coils), ‘.
a perforated gilver cathode sleeve around
the lead is co&ared by & membrane film.
The-electrolyte is saturated potassium

. bicarbonate, The large area of lead
surface, silver and membrane provides
a current response of 200 to 300 micro-
amperes in oxygen saturated water at
200 C for periods of, up to 100 days use (8).
The larger electrode displacement favors
a scheme descrihed by Eden (9) for
successive DO readings. for BOD purposes.,
.V “Table 1 summarizes major characteristics
of the sample DO.analyzers described in

Section IV. Yt must be noted that an ingenious

analyst may adapt any one of these for special

purposes on a do~it-yourself program, The
sample instruments are mainly designed for
laboratory or portable field use. Those
designed for field monitoring purposes may -
include similar designs or alternate designs
generally employing larger anode, cathode,
and electrolyte capacity to approach bétter
response stability with some sacrifice in
response time and sensitivity. The electronic
controls, recording, telemetering, and
accessgry apparatus generally are semi-"
permahent installations of a cpmplex naturg.

.
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Dissolved Oxygen Determination . S . A
, N ) . . " . . , . -
- ' w’ ° »
’ : TABLE 1 , ’
. GHARACTERISTICS OF} VARIQUS LABORATORY DO INSTRUMENTS >
L * - = et
. 7. < DO Temp. = -
B T o ‘Sig. Comp. ¢&essor1es for
f\nqde Cathode ~ Elec . Type- "Membr Adj. Temp.: {idg.. which designed
Carrit & , silver- Pt . °KCl pol* polyeth —no— * no | Recording temp,
Kafiwisher silver ox, disc KOH ) * & signal adj. self
‘ ring N/2 ] v assembled .
Beckman Aq ° Au ®KCl®> pol " teflon® yes yes . recording
. : _ring ~ disc gel R ___yes e
Yellow Springs Ag * ' ‘Au - "KCl | pol teflon yes ’no* field and bottle
51 coil ring ° soln . ° : pr;obe .
. * sat. ~
» ‘Yellow Springs T L v " yes yes cording field
54 - ¢ . : ’ yes .bottle & agitator
. a L S W robes e
Rrecision Pb _ silver KOH galv**polyeth no no .,
Sci 7 ring disc 4N — . c yes . 3
+ Weston & Pb Pt KI galv teflon | yes yes agit, Probe
. gtt?.‘ck_ coil disc 40% { . yes . depth sampler 2.
0.. - & . S . : ¢
. EIL . Pb . Ag . KHC03° galv teflon yes yes recording
. * i - ‘ yes °
Delta Lead Silver KOH galv teflon  yes yes field bottle &
75 disc 1IN T T no ' agitator probe
Delta Lead =~ Silver KOH galv téflon  yes yes field bottle &
85 . disc 1N a TuE — - ves agitator probe
. . A 7 o e
*Pol - Polarographic (or amperometric) i’ ‘
*#Galv - Galvanic (or voltametric) IR ’ . '
L) > - .9 Py
‘<. e N o _)qp . »
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LABORATORY PROCEDURE FOR bISSOLVED OXYGEN

Winkler Method-Azide Modification \ )

»

1 APPLICABILITY

- A The azide modification is used for
most wastewaters and streams ,
whith contain nitrate nitrogen

'and not more than 1 mg of ferrous
iron/L. If 1'mL 40% KF solution is
added before.acidifying the sample and

! there is no delay in titration, the method
is.also applicable in the presence of

.” 100-200 mg ferric iron/L.

-

‘ Reducing and oxidizing materials
d ; - should be absent, ’ .

Other materials which interfere with
the azide modification are: sulfite,

. thipsulfate, apptreciable quantities of '
free chlorine or hypochlorite, high
suspended solids, organic substances
readily oxidiked in a highly alkaline
medium, organic substancés 'readily
oxidized by iodine ift an acid medium,
untreated domestic sewage, biological .
flocs, .and color which may interfére -
“with endpoint detection, A dissolved
oxygen meter should bé used when . .
these materials are present in the
sample, , Lo ;

.

-

} REAGENTS | .
. Distilled water is to be used for the
preparation of all soliitions,

Manganous Silfate Solution

Dissolve 480 g MnSO * 4H,O (or 400 g »

MnSO,* 2H, O, or 364%g MﬁSO4'H20) .
water %and &ilute to 1 liter, .

Alkaline-Jodide-Azide Solution

Dissolve 500 g sodium hydroxide (or

700 g potassium hydroxide) and 135 g

. sodium iodide (or 150 g pétassium iodide)
'n in water and dilute to.1liter. To this

*solution add 10 g of sodium azide
dissolved in 40 mL water,

# . C, 'SuJ.fur;.c Acid,. éohc.

0 N PR
. The,strength of this acid is 36 N,
‘;“?A v . "' ~ ‘

—t
L) - .

<«

. Q : . . . .
§: LRIC:11, 0, do. .1ab,3d.8, 78 Toow

IText Provided by ERI

o [ ~ ‘ "
- . -
Iy N D

R

~

. 5 minutes,

.

D Starch Solution - .

Prepire an emulsion of 10 g of soluble

. starch in a mortar or beaker with a .

small quantity of water, Pour this
_emulsion into. I liter of boiling water,

allow t0 boil a few minutes, and let

settle overnight. Use the clear supernate,

This solution may be preserved by the
addition of 6 mL per liter of chloroform

" and storage’in a refrigerator. at 10°C.

' E- Sodium Thiosulfate Stock Solution 0,75 N

Dissolve 186,15 g Na,S,_0,5H,0 in boiled
and cooled water and difute to 1 liter.
Preserve by adding 5 mL chloroform.

Sodium Thiosulfate Standard Titrant Q. 0375N

Dilute 50, 0 m¥, of stock Solution to ] liter.
Preserve by adding 5 mL. bf chloroform, .

-
~.¢
. IS

. . Cr e * . .-
Potassium Bliodate.Solutian 0,0375N, | = =
Dry about 5 g of KH (10,), at 103°C for  *
two hours and cool in a desiccator, .

Digsolve 4, 873 g of the 8olid in water and ~

dilute to 1 liter. Dilute 250 m1 'of this . e

solution to 1 liter, .
s ‘ .

Sulfuric Acid Solution 10%

.

Add 10 mL of cong sulfuric acid to 90. mL
of water., Mix thoroughly and cool,

I Potassidm Iodide Crystals

- -
. - -

III . STANDARDIZATION OF THE TITRANT

\
'Digsolve 1-3 g of potassium iodide iy ‘
'100~150 mL of water. -

A

‘B -Add 10 mL of 10% éulfux:ic acid and mix, )

C “Pipet in 20 ML of the 0, 0375N potassium
. biiodate and mix. ~Place in the dark for

. ke o‘ . \ v -
: : & .
D Titrate with the 0, 0375N sodium: . .
thiosulfate standard titrant to the
f T 3
appearance of 4 pale yellow color.

-

e
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-

Mix the sqlﬁti'rn thoroughly during the 8 Stopper the bottle without causing
titration. .. . - - formation of an @ir bubble,
' E Add 12 mL of starch solution and mix, ‘9 Rinse under runhning water.
. The solution i5 now blue in color. : s .
' . 10 Mix by inverting several times to
F Continde the addition of the titrant, dissolve the precipitate,
with thorough mixing, until the - ) ¢
solutioh turns colorless. . 11 Pour contents of bottle into a wide~
mouth 500 m], Erlenmeyer flask, ) A
G Record the mL of titrant used. S
. L B -TITRATION .
H Calculate the N of the sodium ° :
thiosulfate standard titrant, It will be . 1 Titrate with 0, 0375N thiosulfate to a
approximately 0.0375. , pale yellow color. s
. (mL x'N) of the biiodate: 7 ° 2 Add 1-2 mL starch solution and mix.
m], of titrant s ’ N )
. . . ) 3 Continue, the addition of the titrant,
’ = 220.0 x 0,0375 ' ¢ . . with thorough mixing, until the
e mkE of titrant . solution turns colorless. ‘
» . .
= 0.75{ .- “ ‘4 "Record the ml of titrant ?d.
. . mL of titrant C e - . . . © '
R - \ % . ° C CALCULATION . . . )
IV PROCEDURE s . e mg DO/L = mL titrant x N titrant x 8 x 1000 .
v ' : mL sample
A Addition of Reagents . . , -
' ‘ If the N of the titgapt exactly = 0,0375, °
. 1 Manganous sulfate and alkaline & .
: - lodide-azide ** mg DO/L = mL titrant x 0, 0375 x 8 x 1000,
e * * X <> ~ 300
‘.% 7 To afull ' BOD‘bottle (300 mL + 3 mL)), ".: @
t add 2 mL manganous sulfate solution .~ = mL titrant x 1/3
and 2 mL alkaline-iodide azide.reagent o
with the tip of each pipette below the = mL titrant
<. surface of the lquid. T .
- Na N - Lr) -,
2 Stopper the bottle without causmg N REFERENCE EO i
formation of an air bubble. .. Methods for Chemicat~Analysis of Water = - s
¥ & Wastes, U.S. Envifonmental Protection
3 Ringe tnder running water. ) .Agency, Environmental Monitoring &
. - C. Support Laboratory, Cincinnat, Ohio = 45268, 1974
4 Mix well b}"’ inverting 4-5 times. . This outline was prepared by C.R. Feldmann,
. .. . Chemist, National Training and Operatianal
5 Allow the precipitate to geftle until ~Technology Center, OWPO, USEPA, «
+ 7. thereis clear liquid above thi¢ floc, Cincinnati, Ohio 45268 R
p S

) Repeat the mvcﬁg\and allow«to settle
L .« until'about 200"ML of clear liquid has

' formed above the floc,

»
rl . lﬁ

- 7 Add 2 mL conc. Sulfuric acid with the
. . the tip of the pipette* above the surface of
. the liquid..

L2.2 . ° R [} ’ ) . T, .

[c : .

De.scripto’rs: Apalytical Techniques,
Chemical Analysis, Dissolyed Oxygen,
Laboratory Tests, Oxygen, Water Analysis ,
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DISSOLVED OXYGEN

S . Factors Affecting DO Concentrgtion in Water

«

(3 o

1 ‘he Dissolved Oxygen determination is ’
s av importgnt water quality criteria for
mar réasons: Q

o« .

-
v

A Oxygen is an essential nutrient for all
“ living organisms. Dissolved oxygen is:

ess, nfial for survival of aerobic i
organisms and permits facultative -
©° organisms to metabalize more effectively.

Many desirable varieties of macro or

micca organidms- eannot survive at -
dissolved oxygen concentrations below
certain mihimum values. These values
vary with the type of organisms, stage

. in their life history, actiwty, and other_
factors

El

B Dissolved oxygen levels may be used as
an indicator of pollution by .oxygen
demanding 'wastes. Low DO concen-
trations are likely to be associated with

* low quality waters

C The Presence of dissolved oxygen
. prevents or Lminimizes the onset of
putrefactive decompasition and the
__productidn of obJection&ble amounts of
malodorous sulfides, mercaptans,
\ amines,- etc. |

i .

ssolved oxygen is gssential for
minal stabilization wastewaters.
High DO concentratichs are normally
associated with éood quality water.

" E" Dissolved oxygén changes with respect
‘to time\ depth or isection of a ‘water .
mass are useful to indicate the degree, )
of stability ot mixing characteristics
“of that situation,
-~ . 'o -
-F The BOD qr other respirométric test X
-. + methods forwater quality are commonly
based upon the difference between an. -
initial and final DO determination for a-
- given -sample time, interval and con-
< dition. These measdirements are
“ugefil to }ndicate i < : o

LR . , \

A * -

8 .

- 1 The rate of biochemical activity in'

. terms of oxygen demand-for a .
.. given sample and conditions.

. 2 “The degree of acceptability

A (a bioagsay technique).fér bio-
chemical stabilization 6f'a given*
microbiota in response to food,

«

3 The degree of instability of a
water mass on the basis of test
sample, DO changes over an
extended interval 3f time

4 Permissible load variations in

’ surfa¢e water or treatment units
.in terms of DO depletion versus
e time, concentration, arsratioof '

volume ratios. -t

5 Oxygenation requirements N
necessary to meet the oxygen _
demand in treatment units or .,
surface water situations.

G Minimum-allowable DO concentrations are
specified in all Water Quality standards.

)
II FACTORS AFFECTING THE DO

CONCENTRATION IN WATER
A Physical Factors: ‘

1 DO solubility in water for an
air/wat®r system is limited t6
about 9 mg DO/liter of water at
20°C. This amounts to about
0. 0009% as c‘ompareg to 21% by
weighf of oxygen in &ir.

Transfer of oxygen from air to™

inhibitory agents or test conditions

food'to organism mass, solids or

]

‘water is limited by the interface _

area, the oxygen deficit, partial
+  pressure, the comﬁtions at the

o~

e



interface area, mixing phéhomena £ 4 95%, For example: An oxygen-
and other items, . depleted sample often will pickup * . ..

. \ ) significant DO during DO testing; "
Certain-factors tend to confuse changes are unlikely with,a sample
reoxygenation mechanisms of containing equilibrium ameunts
water aeration: . of DO. -

a The transfer.of ‘6xygen in air \ . >
to dissolved molecular oxygen . -
. - ¢ The limited solubility of oxygen
m wj,::;ir }zas two principal ’ in water compared to the oxygen
variables: content, of air does not require -

, the .int rchange of a large mass of
er unit volume of water
to chghge DO saturation, DO

1) Area of the air-water
interface:

. .. €ases from zero to 50%
2) Di:upertsign Of the tofg gen- . . saturation are common in passage \
saturated water at the . over a wejr.

interface into'the body liquid. -

d ‘A~eration‘of dirty water is practiced

The first depends upon the surface for cleanup. Aeration of cléan

' :;e;a(;i:hc?ropz t;;bt}f:;i:;?;‘z water ' water res.ultsf.in wash::mglt}:e 'a.ir cz;.nd v 1
“  second depgndé u.piin{he mixing ' trans‘ferrmgt_ lrgfng;::f: ;,: §1ia2id

energy in the liquid, IFdiffusors " %f‘ie ous conta quid. /

are placed in a line along the wall, A ‘ .

‘dead spots may develop in'the cafe. -+ ¢ e  One liter of air at room temperature

Different diffusor placement or contains about 230 mg of oxygen. An

mixing energy may improve oxygen "' 18, 9L carboy of water withxg ters

transfer to the liquid twe or threefold., . of gas space above the liquid has /

. > ample oxygen supply for equilibratfon '
b Other variables in oxygen transfer . - of DO after storage for 2 or'3 days
' 1nc‘1ude: - ~or shaking for 30 sec. )

. 3) Oxygen deficit in the liquid. f  Aeration tends toward evaporative

' o L. cooling.- ®xygen content becomes ~

4) Oxygen content of the gas phase. higher than saturation values at :

o . ' LT the test temperature, thus
8) Time. contributing to high blanks,
. | ' ' '
. If the first four varfables are

favorable, the process of water

oxygenation is rapid until the liquid .3 Oxygen solubility varieg wit} the

approaches saturation. Much more - temperaturé ofsthe watgr. .

energy and time are required to . Solubility at 109C is abbut two'

increase oxygen saturatitn from . ) times that at 300C, Tempera‘t:ﬁre“

about 95 to 100% than to increase _ often cdontributes to DO variations

‘much greater-than anticipated by

et

oxygen saturation from 0 to about

P




Dissolved Oxygen M\

-

solubility, A cold water oftef has
much more DO than the solubility
lmits at laboratory temperature.
Standing during warmup. commonly °
results in a loss of DO due to
oxygen diffusion from the super-
saturated sample, Samples ¢
warmer than laboratory tempera-
ture may decrease in volume due
to the contraction of liquid as
temperature is lowered. » The full
“bottle at higher temperature will
be partially fullafter shrinkage
with air entrance around the stopper
to replage the void. Oxygen in the
air may be transfetrred to raise the
sample DO.  For example,
volumetric flask filled to the 1000 mL
mark at 300C will show a water
level about 1.27 cm below the mark
when the water temperature is
reduced to 200C, BOD dilutions
should be 'adjusted to 200C + or -
1 -1/20 before filling and testing.

.

Water density varies with tem-
perature with .naximum water
density at 40C. Colder or warmer
waters tend to promote. stratlfibation
of water that interferes with
distribution of DO because the

higher density waters tend to seek

the lower levels, .
. ) . -
Oxygen diffusion in-a water mass is
relatively slow, hence vertical and
lateral mixing are essential to °
mamtam relatwely uniform oxygen
concentratmns in a water mass,

Irllcrggﬂsing salt concentration .
decreases oxygen solubility
slightly but has a larger effect
.upon‘density stratification in a
water mass.

The partial pressuye of the oxygen
in the gas above the water interface
controls the oxygen solubility
limits in the water. For example,
the equilibrium concentration of
oxygen in water is abdut 9 mg DO/1
under one atmospheric pressure of

.
.

_ living materials present, the

a

b Resptrauon of alga is

o
e
®

v

B Bialogical or Bio-Chemical Factors

Aquatic life requires oxygen for
respiration to meet energy
requirements for growth, repro-
duction, and motion. The net
effect,is to deplete oxygen resources
in the water at a rate controlled -
by the type, activity, and mass of
availability of food and favor-
ability of conditions.

Algae, autotrophic bacteria, plants
or other organisms capable of
photosynthesis may use light
energy to synthesize cell materials -
from mineralized nutrients with
oxygen released in process.

Photosynthesis occurs orly
under the influence of adequate
light intedsity.

A}

gontmuous
¢ The dominant effect in terms

of oxygen assets or '

+liabilities of alga depends uporr

algal activity, numbers and -

light intensity. Gross algal

roductivity contributes to
significant diurnal DO
variations,

High rate deoxygenation commonly
actﬁ%pﬁn&;;izgulatmn of

readily ava utrients and b
conversjon' into M '
storage products.. DeoxygeMation

due to cell mass respiration R
conimonly occéurs at some lower

rate dependent upon the nature of
the organisms présent, the stage

,of decomposition and the degree -~

. of predation, ‘lysis, mixing and.
‘regrowth. Relatively high ° -

L4

~

13-3



b

.

-« deoxygenation rates commonly are
associated with significant growth
or regrowth of organisms.

&»
Micro-organisms tend to flocculate
or agglomerate to form settleable
masgses particularly at limiting
nutrient- levels (after available
nutrients have been assimilated or
the number of organisms are large
in proportion to available food),

a  Resulting benthic deposits
continue to respire as bed

loa’?s. v

b  Oxygen'availability is limited

" ‘bgtause the deposit is physically
removed from the source of
surface oxygenation and algal
activity usually is more
favorable near the surface.
Stratification is likely to limit
oxygen transfer tothe bed load
v1c1mty. .-

¢ . The bed load commonly is

oxygen deficient and decomposes

by anaerobic action.

d  Anaerobic action commonly is
characterized by a c;o'minant“
hydrolytic or solubilizing action
with relatively low rate growth
of organisms,

e . The net effect is to produce low
. molecular weight products
from cell mass with a .corre~
spondingly large fraction of
feedback of nutrients to the °
. overlaying waters. These .
lysis products have the.effect
of a‘high rate or immediate»
oxygen demand upon mixture
with oxygen containing waters.
"f Turbulence favoring mixing of *
surface waters and benthic
sediments commonly are
associated with extremely
‘rapid depletion of DO.

‘w

Recurrent r.ésuspension of

thin benthic deposits may -

contribute to highly erratic

DO patterps. ., . e

g Long term deposition areas
commonly act like point
sources of new pollution as

. a result of the feedback of

nutrients from the deposit.
Rate of reaction may be low
for old materials but a low
percentage of a large mass of
unstable material may produce
excessive oxygen demands.

L)

~

C Tremendous DO variations are likely ¢
in a polluted water in reference to
depth, cross section,or time of day,
More stabllized waters tend to show )
decreased Do varxatxons although it is )
likely that natural deposits such as leaf
mold will produce differences related

to depth in stratified deep waters, v

$ )
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I OXYGEN DEMAND OF POLLUTED -
WATERS e ’

?

Established practice includes common use *
of the BOD test as a tool for estimation of
the bio~oxidizable fraction of surface waters
or wastewaters discharged to them, Any -
index.including a quantity per unit time such -
as the BOD_ is a rate expression. The .
" ultimate 'demand is more important than any .
one point on the progression. The results -
of a bottle test with minimum seeding and -
quiescent storage are not likely to be as :
high as those on the same influent in a mix~ _
.ing situation and abundant seed of secondary *©
treatment or réceivihg waters, The BOD
is"a" fraction of total oxygen requiremen?s.
A The'particular technique used for BOD
commonly is specified by State agencies
and/or supervisors.
to interpret the results as obtained by -
laboratory testing. It is essential that -
the tester and the interpreters havea -
. common understanding of what was done

They are required , |

BIOCHEMICAL OXYGEN DEMAND TEST PROCEDURES

4

. ©

the shape of the deoxygenation pattern and
its-limits. A fair estimate of the shape of

the deoxygenation pagtern is available by *o-
observations at 1, 2, or 3 days, T days :
and 14 days. Increased observations are
desirable for more valid estimates of

curve shape, rate of oxidation and total -
oxidizable mass or ultimate BOD.

Increasing impoundment of surface waters L
and concurrent increases in complexity

and stability of wastewater components

emphasize the importance of long-term 1
observgdtion’ of BOD. The 5-day observation
includeg_most’ of the readily oxidizable
materials but a very small fraction of the
omponents that are the main factors
.in impoundment behdvior.

DIRECT METHOD T .

With relatively clean surface, waters, the
BOD may be determined by incubation of
the undiluted sample for the prescribed
time interval. This method is applicable
‘only to those waters whose BOD is less
than 8 mg/L and assumes the sample

and how. It is highly advisable to main-
tain } given routine until'all concerned
agreeypon a change,

contairs suitable organisins and accessory
nutrients for optirnum biological
stabilization,

<9

oL : B Treated éffluents, polluted surface watérs,
¥ Each particular routine has many un- - household and indugtrial wastewaters
definable facto?s, The particular - commonly requiré dilution to provide the
routine is not as important as the con= excess oxygen required for the oxygen
sistency and capability with which the demand determination. General guideliness
result was obtained, for dilution requirements for a given BOD
' . ’ +, rangein terms of the percent of sample in
2 This outline and Standard Methods(l) » BOD dilution water are:
. discusses several valid approaches for -
obtaining BOD results. Selectidn of
"method"” is not intended.in this outline

or in the EPA Methods Manual(z).

-
'

. B The common 5-day i,ncubafion perioci for
BOD testing is a result of tradition and
cost. Initial lags are likely to be over

e ang!also:bxie unknown fraction of the total For a BOD of

. oxidizable mass has b i =

iy as been satisfied after r - 500-5000 mg/L, use 0.1 to 1,0% sample

C A-series of observations over a period of
" time makes it possible to estimate the
total oxidizable mass and the fraction
oxidized or remaining to be oxidized at

For a 5-day BOD of
- 5-20 mg/ L, use 25 to 100% sample

For a BOD of, ‘ ' .
20-100 mg/L, use 5 to 25% sample

~

For a BOD of
100-500 mg/ L use 1 to 5% sample
t

-

I PROCEDURES '

~ A Cylinder Dilution T.g:chnique

any given time. The problem is to define - -
\ . ' -]
CH.O.bod. 57g.2.81 . ' : © o l4el
Do . 140, ‘

B N
i - . . . . .
-y .



) Biochemical Oxygen Demand Test Procedures

&
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1

w2

B Direct Dilution Technique

"1

Using an assumed or estimated BOD
value as a guide, calculate the factors
for a~range of dilutions to cover the
desired depletions. Those dilutions

‘ranging from a depletion of 2 mg/L

and a residual of 1 mg/L are most
reliable. At least three dilutions in

. duplicate should be used for an

unlmown sample. ~

Intb a one-liter graduate cylinder (or
larger container if necessary) measure
accurately the required amount of mixed
sample to give one liter of diluted waste.
Fill to the one liter mark with dilution
water,.Carefully mix. The initial DO by
calculation 1nc1udes IDOD (VIII) a -
determined initial does not, Both are
essential to estimate significance of
IDOD. Entrapment of air bubbles.during
manipulation must be avo1ded

S1phon the mixture from the cylinder into
three 300 ml glass stoppered bottles,
filling the bottles to overflowing.

Petermine the DO concentration_on one
of the bottles by the appropriatg\‘w
Winkler modification and rechd as
"'Initial DO". ..

Incubate the two remaming bottles at
20°C in complete darkness. The
incybated bottleg should be water-sealed

~ by immersion in a tray or by using a

special water-seal bottle.

After 5 days of incubation, or other

desired interval, determine the DO on
the bottles.
of the duplicates and report as '"Final DO", »

l
.

It may be more convenient to make the
dilution directly in sample bottles of
known-capacity. A measured volume of
sample may be added {as indicated in

Average the DO concentration

X

\ -~ . v G

C Seeded ,(fyli‘ndér Dilution Technique

o’

1 Many wastewaters may be partially or

.

_completely sterile as a result of

chlorination, effects of other toxic
chemicals, heat, unfavorable pH or
other factors detrimental to biological
activity. Validity of the BOD result -
depends upon the presence of organisms
capable of prompt and effective bio-

‘degradation and favprable conditions
«during the particular test.

Correction
of the cause resulting in sterilization
must be corrected by adjustment; -

— - dilution, etc., prior to reinoculation to

A-1) above, and the bottle filled with dilutioh

water to make the desired sample
concentration for incubation. In this
case, the sample must be precisely
nreasured, the bottle-carefully filled,
but not overfllled and the bottle volumes
comparable and known. ..Precision is.
likely to be poorer than for cylinder
dilution

/-—
Continue the procedure as in A-4, 5,
and 8 above .

%slchleVe meaningful BODr data.

"Receiving
ater, biologically treated effluents, and
soil suspensions are a good source of
organisms likely to be adapted for
stabilization of wastewaters. Uhtreated
wastewaters provide numerous organisms:
but are likely to contain nutrients
contributing to excessive seed corrections

_and may require appreciable time for

adaptation before test waste oxidation
bt:Zomes significant.: -

The amount of added inoculant must be .~ |
determined by trial. The conceitratien
added should initiate biochemical

activity promptly but should not exert
enough oxygen demand to unduly reduce
the oxygen available for,sample

'requirements., -

Estimate the sample concertration
desired in accordance with A-1and -

Add approximately half of the refuired
amount of dilution water to the sample

and mix. This is necessary to assure
that the concentrated waste does not -
exert a toxic effect on the seed organisms,

Measure a suitable aliquot of seed into
the bottle or cylinder and fill with
dilution water.
seed and dilution water withofit excessive
air entrainment. - - .

. 4

IV INTERPRETATION OF RESULTS

Standard Methods

(1) includes-a calculation:

section that is valid and concise. Preceding

» it are details of reagent preparation a;ﬁ\

7z
o

Mix the combined sample,"

. C-2 above and add the sample aliquot to the
dijution cylinder.

_Continue as inTII-A steps 4, 5, and 6 above.

A

3

e . . ) . . .
o'l R . (R R R



I
2

s T
.

procedures for the test. These will not be ,

~reprinted here. This section cons1ders
certain items that may cause concern about
the validity of results unless they are care=
fully censidered and controlled.

A The initial DO of the BOD test obviously
should be high, Thé method of attaining
"a high DO can trap the analzgt.

1 Aeration of dilution water is the'most
commonly considered treatment.
This technique does produce a high DO
but itisa treac};ei‘ous ally.

a D1rty air passing through clean
dilution water can. produce clean
air and dirty water. This is a
s1mp1e a1r-wash1ng operation.
Filtering®the enteriny air stream
may remove brickbats and 2 x' 4's,
but filters tend to pass organic
gases, fine aerosols a.nd pa.rt1c-
ulates, s ' ’

-~

b A stream of air passing thro
water tends to co%l the watér by
evaporatmn 1 to 37 C below ambient
temperature. The 'cooled'liquid
picks up more DO than it can hold
at ambient temperature. The

an erroneously high dep‘iet:.orr value
- for a determined initial DO, or a~
+~  low depletion Malculated
, initial DO. Brroneous blanks are
a particular concern. The dilution
water temperature/DO shift is
\cr1t1ca1

£ N

2’ Raising»DO by allowing the sample to
equilibrate in a cotton-plugged bottle

~ for 2 or 3'days permits oxygenation
with minimum air volume contact,

3 Shaking a partially filled bottle for a
few seconds.also oxygenates with min-~
imum opportunity of gas washing con-~
tamination, 's_upersaturation, or
temperature changes. !

B Seeding always is a precarious procedure

- but a very necessary one at times, Often
the application of seed corrections is a

physical loss of oxygen may produce -

Biochemical Oxxgg‘n Demand Test Procedures

. al -
o
<
Igs
N >

if you do, if you don't"

"gituation. Hopefully, seed corrections »

are small because each individual
biological situation is a, "universe" of
its own, '

.1 Unstable seeding ,materials such as

fresh wastewater have ' seed" organiisms
characteristic of their origm and - S
history. Saprophytes resulting in '
surface water stabilization may be a

= small fraction of the population, Re-

actable oxygen-demanding components
produce excessive demands upon test
oxygen resources3 .

2 A seed containing viable organisms at

{: a lower ‘energy state because of limited

nutritional availability theoretically is
the best available seed source. An
oxganism population grown under
similar conditions should be most .
. effective for initiating biochemical ~
activity as soon as\the nutrient situation,
favors more activity, The populdtion
should not be stored too long because
organism redistribution and die~-out
become limiting. This type of seed
would most likely be found in a surface
.water or a treatment plant effluent
with a history of receiving the particular
material und&r consideration,

v

3 Seed sources and amounts can only be
evaluated by trial. Different.sged
sources and locations require checkout
to determine the best available material
from a standpoint of rapid initiation of
activity, low correction, and predictable
high oxygen depletion under test.

Chlorination and BOD results fundamentally
are incompatible. Chlorination objectives
include disinfection as the number one

goal, . Chlorine ig notoriously non-specific
in organism effects. Chlprine acts like .
an oxidant in the DO determination, Test
organisms are less suitable for activity
than they were before chlorination,
Nutrients may be less available-after
chlorination. Certainly the. conditions are
less suitable for biological response after
chlormation. Dechlorination is feasible
with respect to the oxidizing power of -

<
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Biochemical Oxygen Demand Test Procedures

-

)

chlorine, but many organic chléorine com~~
pounds that do not show strong oxidizing
action still have toxic effects on biologic

. response. '

- -

Numbers are obtainable after dechlorination

- and reseeding. The meaning of these
numbers is obscure, At least two states
(New York and New Jersey) specify BOD's
before chlorination only.

V PRECISION OF THE BOD-TEST

A The DO test precision often has been used
to suggest.precision of the BOD- result.

DO precision is a relatively minor and
controllable factor contributing to BOD
‘results. Other factors such as organism
suitability, .members, adaptation and
conditional variables are much more
difficult to control or to evaluate.

B The Analytical Reference Service repaort
on Water Oxygen Demand, July, 1960
(Sample type VII) included the results of
seeded samples of glucose-glutamic acid
BOD results from 34 agencies on 2, 3, 5
-and 7 day incubatjons. . .
The relative geometric standard deviation
(average) was 19% on 2% sample and 24%

. on 1% sample concentrations. Rate
coefficients ranged from 0, 10 to 0. 27 with
a median of 0, 16 from 21 différent *
laboratories that participated in rate studies.

i

VI ALTERNATE BOD TECHNIQUES

Reaeration methods are becoming increasingly

popular in order to approach more nearly the

actual waste-concentration in the receiving

water. It is common to obtain "sgliding" BOD

results related to the concentration of waste

in a series of dilutions of the same, sample.

This may result from greater possibilities -

for toxic effects at higher! concentrations, or

to a different selection of organisms and change

in oxidation characteristics at low concentrations
" of sample. The most reliable estimate of streim

behavior is likely to be from that dilution closest

to the wastewater dilution in the receiving water,

4

. ’A Reéera@ior; can be accomplished by ihe .

‘usual series techniques by dumping all of
the remaining sealed bottles into a common

Yo

D

1

container when the residual DO reaches about
1, 0 mg/ L. "After reoxygenation, the remaining
bottles are refilled and a new initial DO
determined. Subsequent dissolved oxygen
depletions are added incrementallir asa
summiation of the total oxygen depletion

from the start of the test. If necessary,

the reaeration technique may be performed
several times but at a sacrifice of double

DO determinations for each day on which

rdaeration occurs.
" Special methods of reaeration have evolved

to minimize the extra manipulation for
reaeration of individual sample dilutions.

-1 Elmore Method o \
A relatively large volume of the sample
is stored in an unsealed bottle. Small
bottles are withdrawn in sets of 5 or *
more, sealed, incubated, and the DO
determined at appropriate ‘intervals.
When the DO concentration in the smaller
bottles reaches 1.0 mg/L, a new get'is
withdrawn from the large unsealed
bottle, after reoxygenation if necessary

. 'l
2 Orford Method

'The deoxygenation is carried out in a
large sealed jug from which samples ,
for DO are withdrawn at appropriate
intervals. To maintain the waste level
and a sufficient DO in the jug, additional
waste is added from a second open
container. See diagram. ‘

C Exce8s oxygen may be provided by ' ;

oxygenation with commercial oxyge«
instead of with air to increase the ifiitial
oxygen content for incubation while limiting
the number of dilutions or reaeration Steps.
When oxygen is used in place of air the

oxygen saturation in water at 20°C is about
40 mg/L: instead of 9mg/1l.. limited results -

are available hence thg analyst must verify -

his technique. The tends to decrease

as soon as the bottle’'is opened-hence, about
35 mg/L of oxygen content is the top of the |
practical working concentration. There has
been no evidence that the biota is inhibited
by the higher oxygen content with respect

_ to BOP progression..

Reaeration or Oxygenation Advantages and
Limitations. - .

1 Reaeration expands the range of BOD » *
results obtainable directly at field
concentrations, but is not advisable fér
applications when the sample BOD

exceeds 50 mg/L. ) r .

1(.3'— . T s

3
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Biochemical Oxyéen Demand Test Procedures
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e

Dilution water problems are'eliminated,
o the extent that the stream sample fmay
be tested without dilution,

-

Incubator storage space becomes a real
problem for multiple sample routine.

.

VII Dissolved oxygen electrodes, polarographic
and others, are feasible for use in BOD
determinations, often making it possible to
make an estimate of DO or BOD when sample
interference prevents a valid Winkler DO

[

DO probes.

REAERATION METHODS FOR

reservoir

-

Hil

bottles

S

sealed
AN

4

ELMORE METHOD

"~
?

-

@ >
A It is the responsibilit

y'of the analyst to
evaluate: .

1 ‘Applicability of the specified technique
and sample, )
2 To determine requirements for mixing
‘and possible thermal effects while
mixing in terms of instrument response '
, and biochemical reaction.

3*.To evaluate long-term calibratign or
standardization and their effects upon

determination, . - precisjon and accuracy of the BQD
. - . resulf,

" Electronic probe DO makes it possible to ' d
determine many successive DO's at different . ’ ,
time intervals on the sanre bottle with \ '
negligible sample loss. , Reaeration or VII IMMEDIATE DISSOLVED OXYGEN
extended time series, therefore, are more DEMAND (IDOD)
feasible. . ” ’ . .

) {d{fxmelmactle dissolved oxygen demand includeg @
. . . . ssolved oxygen utilization requirements of
fm)xgr outt.line in tthi: ;gx;es c-lfhs c?b":s . substances such as ferrous irc?n, sulfite
espunse of reaerate g With eiectronic and sulfide which are susctptible to high

rate chemical oxidation.

B.O.D. DETERMINATION- L/

d.o. samples ‘
ORFORD METHOD .
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A The IDOD 1is an apparent response as ,
indicated by a specified technique. Sinece
DO titration is based upon iodine titration,
any fatt 5? that causes Iy response different
from that produced by tﬁe reaction of KI
and molecular oxygen confuses the IDOD
determination.

o -

B IDOD Determination

1 The IDOD determination inéludes the
determination of DO on a sample and

dilution water separately. A waste
‘slikely to have a significant IDOD is
unlikely to show a DO.

According to mixing theory, it should

° be possible to calculate the DO of any
definite mixture of the samplé and

- dilution water from the DO of. component
parts and their proportion,

LY

and dilution water should be mixed
without air entrainment and the DO
ge %rg}higd afte fter t the arbltrarlly gelected

Any difference.between the calculatnd
initial DO as obtained in 2 above, and
the DO determined in 3 above, may be
- . designated as IDOD,

DO interference, and
results for IDOD,

Sample aerati
other factors affe

C Sample Calculation of IDOD

1 Sample DO checked and shown to
‘be 0,0 mg/L

The same relative proportions of sample’

é

Dilution water DO found to be 8.2 mg/L
" Assume a mixture of 9 parts of dilution
water and 1 part (V/ V) of sample.

Calculated DO = - -

1%X0=0 )
’ 9X8.2=173.8 -

- -

© 10 parts of the mixture contain 73. 8/ 10
or 7.4 mg Note that Mixing has
reduced the DO cpncentration because
the original amouht is present ina '

: larger package " iy =

2 The mixture descr:ibed above was held
for 15 minutes and the DO determined

-—,- was 4, 3 mg/L.

100
IDOD = DO cale P° detm™ % sam ple "
used
=7.4-4,3X10 .
’ ‘=31 mg IDOD/L, i
REFERENCES  _ a
=1 Standard-Methods, 14th-ed, 1975.

2 Methods for Chemical Analy&is of
Water & Wastes, U.S. ,Environmentdl
Protection Agency, | Environmental
Monitoring & Support Laboratory.
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-—This outline was prepared by F. J. Ludzack,
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Operational Technology Center, OWPO,
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I > GENERAL : ‘ . -

A Standard Methods (1) lists three ways

II

C Magnesium Sulfate Solution -

of diluting biochemical oxygen demand
(BOD) samples: in a 1 or 2 Itter
graduated cylinder, in a bottle of known
capacity (e. g., the BOD bottle), or in
a volumetric flask for dilutions greater
than 1: 100, followed by-final dilution
in the incubation bottle.

The dissolved oxygen (DO) detérmina-
tions may be made using the azide
modification of the Winkler procedure,

or a DO meter, « ‘
* R ‘ \A} .
REAGEfTs.” T Tt~

7

Distilled wa{&r - obtained from a Block
tin or all ; glass still; or use deionized
water. It must contdin no more than_
0.01 mg of copper/L,- It must be

free of chlorine, chl mines, caustic ’ .

alkalinity, organic material.and ‘acids,
Aerate the water in one of three V(,ays
loosely plig the container with cott 2

- and stoxe at 20°C for abgut 48 hours;

shake 20°C water ira partially filled

- container; bubble clean compressed

through 20°C water, Use distilled

»{but not necessar:.ly aerated) water for

_ the preparation of all solutions,

Phosphate Buffer Solution - dissolve
8. 5g potassium dihydrogen phosphate,«
KH,PO,, 21,75¢g dipotasium hydrogen
phosphate, K HPO 4 33.4g disodium
hydrogen phosphate heptahydrate,
Na HPO 7H20. and 1,7g ammonium
chl%ride. NH,Cl, i about 500 mL of
‘water and dilute to 1 L. The pH of
this solution is 7.2 Discard it if any
- biological growth-appears in't:i bottle,
’ A

sgolve

*22.5g magnesium sulfate heptahydrate,

MgSso, 4 7H20, in water and dilute to
1 liter,- °, .

'-14,;6 T A‘ 5l

, CH. O.bod. 18D, 3c. 2, 81 p .

« -
»
D Calcium Chloride Solution .- dissolve
27. 5g anhydrous caleium chloride; .

CaCl in water and dilute to 1 liter,

Ferric Chloride Solution -.dissolve ’ .
OQZ%Jghr;iric chloride, FeCl » in water
" and dilute to 1 liter.

F Dilution' water - add 1 mlJ, each, of.
; ‘solutions Il B, 11 C, 11 D, and II E for
each liter of distilled water (}1A). If the
-dilution water is to.be stored, add the
phosphate buffer (IIB) just__bet;ore use.

N G Seeded Dilution Water - the standard \—

seed material is the ,supernatant A
l1qu1d from domestic wastewater which

" has been allowed to settle for 24-36 hours

”%teom. Use an amount which will produce
h h sedd correction of at least 0,6 mg/ L.
. Add the ‘seed to the dilution water (II F)
e et% day the dilution water is to be used.

H Sod { Sdlfite Solution, 0, 025N ~ dissolve
s /1,575 anhydrous sodium sulfite, Na, SO,
in»water and dl.lute to'1 liter: Prepare tgi,.s

solution dallyz it is unstable,

Ve

.

bl .

I Acetic Acid Solution 50% - slowly pQur 50 mL
. acetic acid, HC2 30y into 50 mL of water.
A ] o
J Potassium lodide Solution, 10% - dissolve
IOg potassium iodide, KI, in 90 mL water,

K Sodium HydrOxide Solution, IN -dissolve 4g
sodium hydroxide, ,NaOH, in water and dilute
- to 100°'mL., ., .
L Sulfuric Acid Solution, IN - slowly pour'.
2'84nL‘ conce sulfuric acid, H SO ¥
.into 98 mL of water. L .
Caution: heat will ber generated

. M Powdered Starch Ind1cator\- Thyodene is
oneg brand name. .

<Bromthymol Blue Indicator -ora pH meter.
) )
C .

o

. * . Toset
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INTERFERENCES/ PRETREATMENT

A Caustic Alkahmty or Acidity - th1s

must be neutralized to a pH of about 7

Biochemical Oxygen Demand Test Dilution Technique

with 1 N sulfuric acid or sadium hydroxide,
Use a.pH meter or bromthymol blue as

an external indicator.

B Residual Chlorine Compounds - some
reS1dua1 chlorine will dissipate if the
sample is allowed to stand for 1 or 2
hours. Higher residuals must be

determined, and then neutralized, To

a known volume of sample betweep 100

and 1000 ml,, add 10 mL of acetic acid

olution, 10 mL of potassium iodide solu-
* tion, mix, and titrate to the disappearance
of blue color with 0. 025N sodium sulfite .
and using powderéd\gtarch indicator (or

starch solution). U
amount of the 0,02

a proportionate
gsodium sulfite to

dechlorinate the entire sample. (The

portion of sample used above to

.. determine the éhlorine content of the
- sa.mple should be discarded, and is not
' to be used for the BOD determination. )

After 10-20 minutes, check a portion of

the dechlorinated sample to make sure

the decdhlorination is complete.

1A C Other Toxu’: Substances

v

samples contain-

ing other toxic substances, e.g. metals in
plating wastes, require special study and
]

treatment.

»t .

D Supe}’saturation - if you

sample contains more th

oxygen/ L at 20°C, shake it vigorously,

spect that the

'9 mg &f

"in a’large bottle or ﬂask, or-pass clean
compressed air through the sample, |

-

- -

IV SUGGESTED ’SAMPLE DILUTIONS

v

~

Standard Methods (1) suggests the following
r} actual dilutions

sample dilutions. Howeve

should be determined on th

or information supplied wi

Strong Trade . 0.1~
Raw & Settled Sewage 1
Oxzdized Effluents *5
Polluted River Waters 25

“Tpe of Wast‘é T % Dl

-

basis of experience,

ﬁ the samplé.

ttion

1.0
5 -
25+
100

During the 5~ day incubation period, éat . w0

least 2 mg of oxygen/L must be - B

consamed, and at least 1 mg of oxygen/L
must remain at the end of the incubation

period., «

V PROCEDURE ¢
. ' s

Thé steps below represent one of

-several ways in which the BOD can be set up.

For example purposes, assume the dilution

* water ddes not have to be seeded.

A Siphon 20°C -high quality distilled
water to the 1000 mL line in a,
graduated cylinder. Tilt the cylinder
shghtly and allow the water to run
down the sides of the cylinder. If the
siphon was "'primed", with other water,
"waste' gbout 100 mL before filling the
cylinder. R .

B Add 1 ml, of the calcium solution and
Thix with a plunger-type mixer.

4

¢

C Add 1 mL of the magnesium solution and
-mix with a plunger-type mixer.

D Add 1 mL of the ferric solution and mix
with a'plun}er-type mixer.

E Add 1 mlL of the buffer solution and mix

., with a plunger~type mixer. (If the

+ dilution, water were to be geeded; it
would be done at this point).

F Siphon about 250 .-mL of the dilution water
into a 1 liter graduated cylinder.. If moré

than 750 .ml, of sample are to be used, less

than 250 “mI, of dilution watery would, of
course, be siphoned in initially. Use the
sdme technique as irA abovg. ' ‘

N Y -

G Measure the amount of well mixed sample

to be used. Use a graduated pipet for
smaller sample volumes. If solids are
present in the sample, the tip of the
pipet may be cut off below the bottom .
graduation line. For larger sample .
volumes, use the appropriate size '
graduated cylinder.

~ S
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. - N o , Biochemical.Oxygen Demand Test Dilt&ion Technique”
@

fs} . . : B .
PR S e . . -
mH ldd the sample to the gylinder containing mg five-day BOD/L, = 7,5~ 2,5 )
_ the 250 mL of water. Allow the sample ‘ .
" tp run down the sides of the cylinder, ) : .
T * - . : = 50
. 1 Siphon in additional dilution water to the . ' i ‘
' ..1000,mL line, and |_mix with a plunger- .
type miixer: If other dilutions of the " VII SEED CORRECTION
1 -8ame sample, or oﬁther smaples, are B ' .
bemg set ui: be sure to rinse the - A If you do seed the dilution water, a
mxxer Jbetween uses, " correction“must be applied to the
\L g calculation in VI above.
J Siphon the dllutlon water-sample ‘;mlxture i
into two BOD bottles. Hold the end of the B Do this-by setting up another five-day
- siphon close to the bottom of the bottle, BOD exactly as described above, except,
open the siphon slowly, and keep the tip use seed material instead of sample.
of the siphon just above the surface of -
the surface of the 1i%uid as the bottle . C In this case however, the five-day oxygen
fills, Allow a small amount of the, depletion must be 40-70%. (In the case of
mixture to overflow the bottle, If the - the sarhple it was a depletion of at least
siphon was "orimed', "waste" about- S 2 mg/L with at least 1 mg/ L remaining).
4 100 mL before filling the bottles., ) Consequently, 8 may be necessary to set
.. - . up several dilutions of the seed in orderto
. K Insert the stoppers into the BOD . iet one with a 40-70% depletion,
‘- bottles with a slight twisting motion . ' .
Do not use so much force that an“sjirp. D Example Seed Correction Calculation

bubble is created. ) ,
' Two hundred fifty m1L of seed material

-~ .. ' ~ e . .
" L, Determine the initial DO (DOi) on one of . are diluted to 1000 mL with dilution watgr.
the bottles within 15 minutes., Use the ! .
Winkler procedure, azide modification, 250 x 100 = . 25% seed material - .
or a DO meter. - . 1000 — .
M 4
- . 5 . . =
M Water-seal the second boftle and incubate ~ ' DOM = 7.0 mgfL
in the dark, at 20°C + 1°C, for five days. DOf= 3.0mg/L
4 L
N Determinelthe final DO (DOf) on the '+ Depletion = 7,0 mg/L - 3, d mg/L
second bottle, Use the same method as o = 4,0 mg/L
in L above. (Recall the restrictions noted . ) : “
at the end of section IV). 1 - - %o depletion =4, 6 mg/L x 100
. Vo . 7.0 mg/L
VI EXAMPLE CALCULATIONS v © =56 . .
DO initial = DOi= 7.5 mg/L ' Since the 25% seed dilution gave an oxygen
* . DO final= DOf# 2.5 mg/L . depletion in the desired 40-70%range (56%), -
100 mL =_ sample volume diluted in the it can be used to calculate the seed corréction, ,
" . 1liter graduated cylinder = ] "
w o ’ 10% dﬂutl.on (0.12as a declmal BE Example Segd Correchon Calculatmn
- fractlpn) ) (Continued)
¥ mg five- day BOD/l = DOi - DOf ' Assume that in. preparing the dilution water . -
N %;sample dilution {V A through V¥ E), you added 2 mlof seed
= , =~  eXpressed as a material to the graduated cylinder before® .
. / decimal . . adding dilution water. to the 1000 mj, JAine. '

oL . ’ . . v 15-3 .
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Biochemical Oxygen Demand Test Dilution 'i‘eohnimle- L. - 7 . . N
. . l‘. . . , ¢ - . >
. - 3 ] T = ' U\-.'

« _2 x100=0, 2% seed matenal in the . % of seed m the sample BOD bottles = Q'& =

7000, /| dilution water { - 0.-18 (from VII H above) - '
L4 Y
| .

F Example Seed porrectxon Calculat:.on . % of seed in the seed:BOD bottles = 25

(Continued) ‘ T . (from VI D above)
— l o

In the example calculation in VI, a 10% % of sample expressed as a decimal .
sample ution was assumed. b . ) " frdetion = 0,1 (from VI above) o

sl

If the BOD bottles contained 10% sampleo . fg.ctor % of*seed m the sample BOD bottles
they therefore contamed 90% dﬂution % of seed in the seed BOD bottles
water. . . ‘ 5 ) . . L )
o N = 0.18 ‘
3 00 mL (volume of BOD bottles) g 25
0.90 (% dilution water in'the BOD '
bottles expressed as a decimal) .. = 0,0072 . ¢

‘ .
270.00 mL (volume of dilution water in the - Finally. mg five-day BOD/yL= (7.5 - 2.5) =
BOD bottles) | , [ (7.0 - 3.0) x 0, 0072]
G Example Seed Correction Calculatmn ' _ 5.0~ LJ. 0 x O. 0072] .
(Continued) " \ - T 0.1 ) .
* «~ *i i - . . A": : ! o~ .‘

270 mL (volume of Qilution water in the e . = 5.0-0,03 ® -

_ BOD bottles) » T - 0.1 _ ' \

0.002 “ (% seed material in the dilution - . : /

mL water expressed as a decimal) = 49,7 .

0.540 mL (volume of seed material in the ' - toe .o T

* BOD bottles) | viI Dilution Water Check .

’ !

H Example Seed Correcuon Calculatmn . A five-day BOD on unseeded dilution wé:o
(Continued) - ] A

i must not be greater than 0.2 mg/¥L (and
_ i preferably not more than 0.1 mg/L). If it is
9.54 x 100 0. 18% seed material m ‘the v greater fhan 0.2 mg/L check for contamination

N 300 . BOD bottles L o0 ~1if the distxlled water and, or, dirty BOD bottles. .
I You now have all the data you need tox. . Do not use the value as a correction on theeBOD.

calcualate the seed correetlon. * ) -

-

mg five-day BOD/L = ) o REFERENCES

(DO = DOf) of gfmple- ; *
[(D01 DOf) of s/eed material x RN | Standard Methods for the Exa.mmatmn of 7

*factor] 4 ; Wastewater, 14th ed, APHA, AWWA,.

% of sample expressed 5 ] W_PCF ’NeW York, pg 543, 1975, N

as a decimal - : \ / ' L )
~ S :

‘ . This outline was prepa;ecby Charles R. Feldmann,
.5 ¥ X
7.5 mg/ L. {from VI ‘b”‘) Chémist, National Training and Operational -
Technology Center, OWPO, USEPA,

DOi of sample
>. : X

DOf of sample = 2.5 mg/ L (from VI a&&e)

. Cincinnat},” Ohio 45268 - ‘
{ ial = 1, rom VIL D ' : .
DO of seed matef-1a1 7.0 m’g/La(tfove) Vn _Deperiptors: Analytical Techniques, e
“ 4 Biochen‘ncal Oxygen Demand, Chemieal &

DOf of geed material = 3,0 mg/L (frem VII D Anflysls. Laboratory Tests, Watez' Analysis
' . -above) :ﬂ

A «
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o - " - * -Biochemical Oxygen Demand Test Bilution Techniqu |
" N . ’ [ 3 - . ' . * :
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) DATA SHEET

Jnitial DO .in mg/ L; DOi = : o |
A g . . . |

3 . . ) .

- Final DO in mg/L DOf = L o Qe

< . - 1

% sample dilution expressed ** A ¢ L. . '

as a decimal (e.g., 18% = 0. 18) = . . . .

* ~
- mg 5-day unseeded, BOD in mg/L = DOi - DOf
! ' . . - - dec¢imal ) ! ’ |
- ? ‘
N o = - R
. ~ S . \ .
¢ = . -
’ -_— L]
o ' \ - .
) A
M L]
_ F] ~ ;
. : . |
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e ‘ > ' OPERATING CHARACTERISTICS AND USE - .
C - , . OFTHEpHMETER L et -
I ' INTRODUCTION which are available commercially, itis
) . . . impossible to provide detailed instruc-
pH is a term used to describe the intensity ' tions for the correct operation of every
« 'of the acid or alkaline condition of a . instrument. In each case, follow the
. solution. The concept of pH evolved from ~ manufacturer's instructions, Thoroughly-.
; a series of developments fhat led to a A\ wet the glass electrode and the calomel
_ fuller understanding of acids and alkaline electrode and prepare for use in accor-
solutions (bases). - Xcids and bases were - dance with the instructions given
originally d1st1ngu1shed by thexgyjerence Standardiz€ the instrument agaigst a
in physical characteristics (acid§-sour, : buffer solution with a pH appro ching \/
bases-5oapy feel). In the 18th century it that of the sample, and then check-the
* was recognized that acids have a sour taste linearity of electrode response against
(vinegar-acetic acid), that they react with . _at least one additional buffer of a
limestone with the liberation of a gaseous different pH. The readings with the
. gubstance (carbon dioxide) &nd that neutral additional buffers will afford a rough
substances result from their interaction . idea of the limits of accuracy to be
. with ;alkaline solutions. ‘ expected-of the instrument and the technic
” N . ’ of operation -
- . Acids are also"d‘escnbed as; compounds o
that yield hydrogen ions when dissolved -- - B 'Electrode Design s "‘ =
in water. And tha} bases yield hydroxide N 5 e (i . i
ionis when dissolved in water. The process Aboutm1925 it was d1 covered that an
" of neutralization is then congidered to be electrode could be constructed “of glass”
the union of hydrogen (H) ions and hydroxyl which would develop a potential related .
(OH") ions fo form neutral water " h to the hydregen-mn concentration with-
(Ht & OH “eeH 90 ’ £ out interference 'from most other ions.
° - s The glass pH electrode is the nearest
It haa been determmed that there',are approach to a universal pH indicator
<. 1/10,000, 000 grams of hydrogen ions ‘and * known at present. It works on the .
& ¥ 17/10, 000,600 grams of hydroxyl ions in . principle of establishing a potential -
one liter of pure water. The product of the' - . . across a pH-sensitive, glass membrane
. . H' and OH ions equal a constant value. ‘ whose magnitude is proportional to the
Therefore, if the concentration of the H* difference in pH of the solution . o
e ions is increased there is a corresponding ‘ separated by this membrane. s
' _decrease in OH" ions. The acidity or I . 1
i alinity, hydrogen ion concentration of a " Al glass pH indicating electrodes have
/ _solution is given in terms of pH. The pH' | . a similar bagie-destgn. Contairled on ’
" scdle exténds from 0 to 14 mth the neutral ] ' one side of an appfopriate glass membrane
». . pointat?, D. B is a+solutiomof capstant pH. In contact -
. ' ‘ © 7 Wwith the other Bidg of this pH sensitive
oo .. . ' ' glass is the golutioh of unknown pH.
II INSTRUMENTATION, - o ' Between the surfates of thk glass mem- .
[T c .. , R . brane, a potential is establidlied which | Lo
g+ A Gentral . o . is proportional to the pH difference of B
’ . ) these solutions. As the pH of one ' LY
" - Becatise of the differences between the : solutigaTs. constant, this developed . ae
i many makes and model of pH meters ' potential is a measure of the, pH of the .
; , T other. . .

& °
' s : ’ -
® ) . ,

16~1
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. Operating Characteristics and Use of the pH Meter L ~
B ’ - . - M . ° . ® . "
N ) .
i . * -\
To measure this potential, a half-cell selected ta re-calibrate the instrument -
is introduced into both the constant, ’ and the determination of the pH of the
internal solution and into the unknown, sample repeated for z final reading.
e:‘tternal solutlon. These half-cells are . . - , - © =
in turn connected to your pH meter. The D Precision and Atcuracy« |
internal reversible half-cell sealed
+ . within the chamber of constant pH is The prec1s1on ‘and accuracy attainable
almost exclusively a wire of silver=- . . with a given pH meter will depend upon
' silver chloride. The external the type and condition of the instrument
reversible half-cell is often silver- employed and the technique of standard-
. - silvéf-chloride. If both the internal and ization and operaﬁon. With the proper
external electrodes are combined in a care, a prec1s1on of £0.02 pH unit and
~ common pH measuring devicea;wthe ah accuracy of £ 0,05 PH unit can be
electrode is-a combination pH electrode: achieved with many of the new and
. . ’ . improved models. However, to.1pH
As the function of these half-cells is t@ unit represents the limit of accuracy
provide a steady reference voltage under normal conditions. For. this
against which voltage changes at the reason, pH values generally should be
glass pH sensitive membrane can be reported to the nearest 0. 1-pH unit.
referred, they must be protected from ST
contamination and dilution by the unknown E Maintenance Practices
solutions. This is accomplished by , : . .
permanently sealing the internal half- ’ N\ The reference qnamber ofthepH =~ «°
cell in a separate chamber which makes electrode system should always be kept
electrical contact to the unknown nearly full of saturated kecL solution.
solution through a por::us ceramic plug. Routinely check the level and saturation
This ceramic plug allows current to flow, of potassium chloride in this reference
but does not permit exchange of solution& chamber and add saturated kel if .
to this chamber. Gradually the keL necessary. v
solution is slowly lost, therefore a‘filling :
port is"placed in this electrode so that. The pH sensitive glass membrane
additional saturated potassium chloride dehydrates when removed from water,
.can be added.” o * and-thus it is imperative thit dry
. : . - . Co electrodes be soaked in buffer or water
C Instrument Calibration = o~ for several hours before use. To
s avoid this break-in périod always keep
The pH balance control, by adding a . the glass pH sensitive membrane wet
voltage in geries with the pH electrode ‘ between peripds of use.
system, allows the operator to adjust , . ‘ .
. the meter readout to conform to the pH The buffers are pH standards; do not
of the calibrating bpffer. In general,| . contaminate them:
calibrate the meter the general range ’ .
“of the uriknown solution) Appropnate If the meter is a battery operated
) buffers can be selected (pH 4.0, 6.8, 4’ instrument. To conserve the battery
7.4 and 10,0). Always set'the tem=- .life, the“insjrument should be turned
perature compensator on the mstrum}ent ' off'when not in use. .
to the temperature of the standard. buffer - . . . N~
solution.” & > .
P II PROCEDURE . ’
"For most accurate analys}s the pH of the ‘- ?
. sample should be determined, dnd then . In the measurement of pH values of industrial
buffered solutions of,a pH above and wastes, effluents, sludges and similar’
below the determined pH should be | ‘ * -
N - . . C
Lo 150 ~ '
~ - h .
—— - ‘

v . . ' - Loy ‘ /
, | | . C w N
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. . - Operating Characteristics and Use®of the pH Meter *

3 3

samples, the electrodes must be thproughly ' use. In testing samples containing gaseous
rinsed with buffer solution between samples or volatile components which affect the pH
and after calibrating, Buffer solutions can value, any handling technic such-as stirring
xbe prepared by use of the formulations shown or heating may cause loss of such components

in Table'I. . ) and thereby intvoduce error. For example,
. : * the loss of carbon dioxide from an anaerobic
The electrodes should be kept free of oil . sludge digester sample due to stirring will .o

result in an obsérved pH value which is too

°

) . \

)
. > Tahlle I

and greasevand stored in water when not in

- Preparation of pH Standard Solutlons . ‘ N
. o Welght of Chemicals Needed per 1, 000
Standard Solution (Molality) « : pH at 25 C . ml of Aqueous Solution at 25°C
. Primary standards ) ro . K : .
Potassium hydrogen tartrate , . . i . N
(saturated at 25°C) 3,557 6. 4gKHC4H406* '
0. 05 potassium dihydrogen citrte 3,776 - 11. 41gKH,C H.O,_ i
" 0.05 potassium hydrogen phthalate 4,008 . 10. 12gKHC8H 404
0. 025 potassium dihydrogen . ) \
phosphate + 0,025 disodium . . ¥ L S )
N . hydrogen phosphate . 6.865 ° 3.388gKH2PO41‘ + 3.533gNa2HPO4ﬂ
6.008695 potassium dihydrogen . = ' 39
phosphate + 0,03043 disodium ’ . : ' e
hydrogen phosphate , s 7.413 1. 179gKH2PO4t + 4. 302gNa2HP0;N '
0,01 sodium bosate deca.hydrate ' » Y
_(borax) k s 9.180 3.80gNa,B, O, " 10HO! \ .
- 0,025 sodium bicarbonate + 0,025, ’ ) o0
godi}lm carbonate : . 10,012 . - ) 2. 092gNa.HCO3 + 2, 640gNa.2CO3
Secondary Standards _ ) ~ . . .
0.05 potassium tetroxalate dihydrate =~ 1,679 12.81gKH,C O, 2H20
), vl
Calcium hydroxide (saturated at 25°C) * 12,454 . " 1.5gCa(OH),*
Y ' ’ DT -
I. *hpproximate solubility * - ST
~ .. IDry chemical at 110-130°C for 2 hr, I

l ’ {Prepare with freshly boiled and cooled dlstilled water (cafbon dloxlde-free)
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high, If a sample of sludge or mud is highly
buffered, a small amount of water may be s
added but the result cannot be considered .
valid unless further dilutions yield the same

. pH value. All dilutions should be reported’ -
along with the result. :

<
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TURBIDITY l

v

I INTRODUCTION

e to the degree of cloudiness present.
Conversely, it is an index of clarity.

Definition' ) . .

Turbidity is an-expression of the optical

: property that causes light to be scattered,

and absorbed rather than transmitted in
straight lines through samples of water.

B Relationship to Suspended Solids «

This optical property, turbidity, is
caused by suspended matter. The size,
shape and reflection/absorption
‘properties of that matter:(not its weight)
wdetermine the degree of optical effects,
It is very possible to have water with
high turbidity but very low mg/[, sus-
pended solids. Thus one cannot use

turbidity results to estimate the weight
concentration and specif?cf}?vity of the

B

suspended matter.
\ 9
*  C Causes : .

.

1 clay, sand

2 silt, erosion products

1

- « 1
3 microscopic and macroscopic
‘ organisms ‘

4 finely.divided organic products
5 others )

D Effects on Water Qualifyfz)

+

;Turbidify is an ixidicatqr of possibfe
. suspended matter effects such as

o

and clogging fish gi.lls. However, the
following list is limited to those effects

A asgociated with the optical (clarity) N
nature of turbidity,

B o ..

I O ,TURB.2,1.80 ** ‘.
ZERIC S .

impeding effective ghlorine disinfection -

LN

Turbidity as a ‘water quality index refers \

L2

i

1 Reducing clarity in water d

drinking water quality
food processing
industrial processes
fish (seeing natural food)
swimming/water sports

-

P 1 R o VN o B o i ]

2 Obscuring objects in water .

a Submerged hazards N
b water sports e 6

3 Light penetration

a affects depth of compensatioh
pomt for photesynthetic activity .
(prlmary food production).

4 Thermal Effects . -

High turb1d1ty causes “near surface .
waters-to become heatéd because of

" the heat absorbancy of the particulate
matter,

a ?esult&in lower rate of oxygen -
. ransfer from air to water.
b Stabilizes water column and
prevents vertical mixing.

1 decreases downward dispérsign
of dissolved oxygen

2 decreases downward dispersion
of nutrients

2).
E Criteria for Standards( )

1 Finished Drinkmg Water - Maxlmum
of one uhit where the water enters t&s
distribution 1 system, The proposed .
standard is one unit monthly average and
five units average of two consecutive days.
Under certain conditions a five unit
monthly average may apply at state option,

2 For Freshwater Aquatic Life’ and
Wildlife - The combined effect of color
and turbidity should not change the

17-1
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‘compensation point more than 10%
from its seasonally established

norm; nor should such a change ‘)
place more than 10% of the biomass of ’
photosynthetic organisms below the
‘compensation point.

-

</ -

Turbidity c_riteria Used by Industries:
a Text.iles +.0,3 to 5 units

b Paper and allied products - Ranges .
from 10 to 100 units, depending on

type of paper.

Canned, dried and frozen fruits and
vegetables - Same as for finished
drifiking watef (1 turbidity unit)\ e -

F Processes to Remove Turbidity (Solids)

PR

1 Coagulation © -

a pre=chlbrination enhances coagulation

Sedimentation .

AY

Filtration *
Aeration

Others =

VISUAL METHODS TO ESTIMATE
TURBIDITY :

Early Efforts

" In the early 1900's, Whipple and Jackson
measured turbidity and developed a calibra=-
tion scale for turbidity instruments.

Jackson Candle Tu“rbidimeter:

Later Jackson developed apparatus »
which utilized the same "extinction"
principle as the instrument devised
earlier with Whipple,

LR

-

1 Instrument

.

Glass Tube
v

Metal Tube

Spring-loaded
Cy"nd‘u

JACKSON CANDLE’
TURBIDIMETER

Figure 1

-

- The sample was poured into a tat-
sbottomed, graduated glass tube
held over a special candle, A
turbidity reading wa& taken when
the operator, obsgerving from the
top of the tube, saw the image of the
candle flame disappear into a uniform
glow. The reading related the final
depth of sample in the tube with tube
calibrations obtainedTrom a standard
suspension solution.

Standard Suspension

The standard was a s—-tépension of
silica prepared from Fuller's or
diatomaceous earth. This was

diluted to prepare a series of
standard suspen'Tons to graduate

the turbidimeter. Graduations on all
Jackson turbidimeters are made in -
conformity to this original data.

Other suspensions are standardized by

using the pre~calibrated turbidimeter and

diluting accordingly.

Unit Used “

!
Jackson Turbidity Unit (JTU) < parts
per million suspended silica turbidity.




’ Turbidity
4 Standardization of Apparatys filter) upward through the sample
. ! hich is contained in a glass tube.
. The current edition of Standard R he entire system is enclosed in a .
(1) ack metal box. The operator views
Mgthods ™ contains specifications e sample by looking downward through
for the three eggential components, : d into the top of
i.e., the calibrated glass tube, tha an ocular tube.screwe L0 L€ TOp,
capdle and a support. the box a:nd adjusts the.brightness of a
central field of light by turning a
‘ calibrated dial on the.outside of the
S Current ?ta).ndard Suspension apparatus. The point of uniform light
Solutions " f intensity occurs when a black spot in* ™
the center of the.field just disappears.
1 Natural turb1d water from the same* . , )
i source as that tested gives best ! 2 Range of Applicability T
results. Determine turbidity with T
thé instrument, then dilute to values - The equipment offers a choice of bulbs,
desired. filters and volumes of sample tubes.
. The variety affords a means to directly
2 The supefnatant of a settled solution megasure turbidity ranging from 0 through
of kaolin is also used as a standard. 150. The ranges can be extended by .
L e 2 - 2 dilution.. * _. & -
6 Limitations of Method
3 Results
a Apparatus - difficult to exactly \ l )
reproduce flame as to intensity and - The final reading from the dial is
‘actual light.path length. In general, translated into ppm silica turbidity units
.+ ~ + -itis a rather crude instrument with by using a graph corresponding to the
. geveral variables that affect abcuracy. - bulb, filter and volume of sample used,
b Very fine suspended particles do not | 4 Standard Suspension Solution
tend to scatter light of the longer . '
.wavelengths produced by the candle. Standardizing suspensions are not used
. . by the operator. The graphs are
¢ Very dark and black particles can kaupplied by the campany for each
;' absgorb enough light in comparison - mstrument.
to the scattering of light to cause (5) -
-an incorrect reading of image D Secchi Disk
extinction. ) ’ s
. : This is a very simple device used in
£ d Turbidities below 25 JTU cannot the field to estimate the depth of vis1bility
! be directly measured. For lower (clarity) in water.
- .~ 7 turbidities (as in treated waters),
~ indirect secondary methods are 1 Equipment . y
- required to estimate turbidities. \
N (4) The disk is a weighted circular Pplate,

C Hellige Turbidimeter

This instrument utilizes.the same
' extinction principle as. the Jackson
Cadle Turbidimeter, -

1 Equipment

Vo An opal glass bulb supplies the light
" . which is reflected (usually through a

‘- 4
Q

157

20 cm in diameter, with  opposing black
and white quarters painted on the surface.
The plate is attached to a calibrated line

by means of a ring'on its.center to assure -

that it hangs horizontally.
L
2 Readings

The disk is loweréd into water until
‘it disappears, lowered farther then:

,
P
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- Turbidity :

raisediuntil it.reappears. The ¥
corrésponding visibili depth (s)éﬁ*rgg
are determined from the
calibrated line. Some read both ,

depths and average them. Some

;. read only the reappearance depth.

3 Standardizing the Procedure
There are many variables (position
of sun and of observer, roughness of
body -of water, etc.) that affect
readings. However, the same
, observer using a standard set of
. operating conditiens can provide
usefl ‘data to compare the viaibility
of different bodies of water.

~

‘4 Application of Results

. *  Limnologists have found it «

convenient to establish a Secchi

disk "factor" for estimating the

photic depth where light'intengity

is about 1 per cent of full sunlight

intensity. The true photic depth is

determined by use of a’submarine

photometer and at the same time

: the observer takes a series of

: Secchi disk readings-to bbtain an
averager Dividing the true photic
depth by this average gives a
factor which can be used to multiply *
other disk readings for an approxima-
tion of photic depth,

E Status of Visual Methads for Complianca’

Monitormg

. The Federal mrm "iist of

- Approved Methods" does not include

any of ‘these visual methods for National

Pollutant Discharge Elimination System
(NPDES) requireménts, The visual
methods are not recognized in the
Federal Reglster(a) issue on Interim

Drinking Water Regulations, either.
. . -3

P L]

2 METRIEC MEASUREMEN TS
FOR COMPLIANCE MONITORING

The subjectivity and apparatu's
deficiencies involved in visual methods
of measuring turbidity make each
unsuitat:le as a standard method.

Sipce ‘turbidity is an expression of the
optical property of scattering or
absorbing light, it was natural that
optical instruments with photometers
Woukd be developed for this measuremeént.

The type of equlpment spec1f1ed for
(3,6)

compliance monitoring utilizes ,

" nephelometry.

A Basic Principle( 7

The intensity of light scattered by the
sample is compared (under defined .
conditions) with the intensity of light
scattered by a standard reference
solution (formazin), The greater the
intensity of scattered light, the greater
the turbidity. Readings are made and
reported in NTUs (Nephelometric
Turbidity Units). *

B Schematic

“

Meter Y—\
. “
. rd
Photocel}s)

+
Tutbidity Particles

><Scmm [

Sam;;lo Cell
{Top View)
Figure 2 NEPHELOMETER.

. (90° Scatter) -

maREE L

~

Light passes through a polarizing lens.
and on to the sample in a cell.

. Suspended particles (turbidity) in the
sample scatter the light.

v *, 1

JCH

L

4
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Turbidity

Photocell. (8) detect light scattered by
the partidlessat a 90° angle to the path
of the incident light. This light

energy is converted to an electric
signal for the meter to measure. .

2

1 Direction of ntry of -Incldent

Light to Cell e

a- The lamp might be positioned as
shown in the schematic so the
beam enters a sample horizontally.

b ‘Another instrument design has the
light beam entering the sample

“  (in a Qat~bottom cell) in a vertical

»  direction with the photocell
positioned accordingly at a 90° °

., angle to the path of incident light..

2 Number of Photocells
. . N
The schematic shows the photocell (s)
~2t one 90 degree angle to the path of
the incident light. An instrument:
might utilize more than one photocell
position, with each final position bemg

at a 90 degree angle to the sample quu1d.

3 Meter Systems

a The meter might measure thé’
signal from the scattered 11ght$
intensity only.

b The meter might measure the

.signal from a ratio of the scattered —-

light versus light transmitted *
directly through the sample to a
photocell.

4 Meter Scales and Calbration

a The meter may already be
' calibrated. in NTUs. In this case,
at least one standard is run in
_ each instrument range to be used
in order to check the accuracy of
the calibration scales.

b If a pre-calibrated scale is not
supplied, a calibration curve'is-
prepared for each range of the
mstrument‘by using appropriate

.dilutlons of the .standard turbidity

suspension. - .

bl

EPA Specifitatiéns for Instrument Design('”l

Even-when the same suspension is used

for calibration of different nephelometers,
differences in physical design of the
turbidimeters will cause differences in
measured values for the turbidity of the

same sample. To minimize such differences,’
the following design, criteria have been
specified by the U, S. Env1ronmenta1 Protection *
Agency.

*

1 Defined Specifications
a Light Source

Tungsten lamp operated at a color
- temperature between 2200-3000°K.

b Dzstance Traveled by Light
The total of the distance traversed
by the incident light plus scattered
light within the sample tube should
not exceed 10 cm,
¢ Angle of Light Acceptance-of the r
Detector -

f)etectﬁr'centered at 90° to the
vincident light path and not to exceed
+-30° from 904,

—_— . . . ——

The detector, and filter system if - T
_ used, shall'have a spectral peak
s response between 400 and 600 nm,
L L ' S

- .

¢

d Applicable Range
L4
" The maximum turbidity to be »
— measured ig 40 units. Several ranges
will be necessary to obtain adequate
coverage. “%,Use dilution for gamples if
. their turbidxty exceeds 40 units.

§

2 Other.EPA Design Specifications'

a Stray Light

. Mihimal stray light should reach the. N
detector in the absence of turbi,dity . -

Is9 .
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Some causes of stray light reaching
the photocell (sy are:

)

" 1 Scratches or imperfections in

-

SR

glass cell viindows.

2 Dirt, film or condensation on the
glass.

3 Light leakages in the instrument
system,

A schemastic of these causes is
shown in Figure 3. :

<
"
Meter v .

Photoceli(s)

Light Leakage
from Lens System > Transmitted Light
\ Z( /.
/ \ -
N2 AN\ jutf
L X1l SN
N A
1Y 71
LAY 77
—S_7 7
Nz ]
¥ Light Scatter by gless tube
(Top View) .

Figure 3 NEPHELOMETER
SOURCES OF STRAY LIGHT

RS:" ‘

U

\
Light Leakage from s

3

@ \

turbidity differences of 0. 02 unit-
or less. Several ranges will be
necessaty to obtain sufficient

- sensitivity for low turbiditie,s.

Examples of instruments meeting the
specifications listed in"1'and 2 above
include: : e
&)
a H&ch Turbidimeter Model 2100 and
2100 A -
b Hydvoﬂow Instruments DRT 100, 200,
and 1000 P

4 Other urb1d1meters(12) meeting the
" listed pegifications are also
accepta le,

~
-

D Sources of Error

-

Stzay lighterror can be as much .-

as 0.5 NTU. Remedies are close

- mspect:.on of sample ceHs for

impérfections and dirt, and good
- design which can minimize the
effect of stray light by controlling
the angle at which it reaches the
sa.mple. -

‘B oD -

The tuFbidiméter should be feee
from significant drift after a short
warm-up period. This is imperative
if the anal&st is rely‘lng on a manu-
facturer's solid-scattéring standard
for setting overall instrument

« sensitivity for all ranges..

¢ * Sensitivity

In waters having turbidities less. than
one unit, the instrument should detect

N

6o

1

2

< reparations. .
a 0.45 y m pore sizg ‘membrane -—

Marred Sample Cells ,

a Discard scratched or etched cells.

b Do not touch cells where light
strikes them in instrument.

¢ Keep ce]tlg scrupulously clean, inside
and out. . . ‘

1 TUse detergent solution.

2 Organic solvents may also be
used.

‘.
s .

3 Use deionized water rinses.:

4 Rinse and dr_y with alcohol or.
acetone.
' - o (T)
Standardizing Suspensions
a '[‘J%Ee turbidity - free water for |
Fiiter’ distilled water

throug
filter ifi sich: filtered water shows a

lower turbidity than the distilled water.

b Prepare a new stock suspension of
Formazin each month. )

¢ Prepare a new standard suspension
‘and dilutions of Formazin each week.

.

*

A L
o s, d
. (g
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B Reportmg Results

Turbidity

v

3 Sample Interferences |

a Positive \ - \
- N . 1\
1 :Finely divided air bubbles
. e . A ’
b Negative

1 Floating debris

'

Coarse sediments (settle)

3 Colored dissolved substances
(absorb light)

(7)

6.
Record to Nearest:

NTU -
0.0-1.0 " 0.05
“ye10 0.1
.10-40 - 1 1
- 40-100 s -
106-409» N 10
400-1000 ‘50
‘ "100 )

>1000

(7

Precision and Accuracy ‘

1 In a single laboratory (MDQARL),
uging surface water samples at
levels of 26, 41, 75 %nd 180 NTU,
the standard demations were + 0, 60,

' +094,i1‘2and+f47units, .
respectively.

- N

2 Accura.cy ‘data-is not available at

A

b

Natural Materials

1 piatomaceous éarth °

2 TFuller's earth

3 Kaolin . : .

4 Naturally turbid waters
. v P
Such suspensions are not suitable

_ as reproducible standards because there

t
.

B

C

%

is no way to control the size of the

suspended particles.

Other Materials
1 Ground glass

2 Microor.gélisms

s

3 Barium sulfate

4 Latex spheres

4 \

Suspensions of these also proved
madequate.

Formazin
N { - . . .

1 A polymer-formed by reacting hydrazine
sulfate and hexamethylenetetram:me '
sulfate.

‘2 Itis more reproducible than previously-
used standards. Accuracy of + one per
cent for replicate .solutions has been
reported.. . .

3 In 1958, the Association of Analytical
Chemists initiated a standardized system
“of turbidity measurements for the brewing
- industry by: . .

-

this times | r 3 e

IV STANDARD SUSPENSIONS AND RELATED
UNITS(Q)

One of the critieal problems i!I measuring
" turbidity has been to find a material which
# can be made into & reproducible suspen~
' sion with uniform sized particles.., Various
__materiala have -been.used,, -

=

stock Farmazin solutions and
b designating a unit of measurement
based on Formazin, i.e., the Formazin
! Turbidity Unit (FTU).
q
4 During the §960's Foppdzin was increasing-
ly used for water quality turbidity testing. .
It is the currently recognized standard for
compliance turbidity measurements.

’

‘ 177
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. a defining a standard formula for making




1 At first results were translated
fato Jackson Turbidity Units
_ (JTU). However, the JTU was ’
35 derived from a visual measurement
- using concentrations (mg/liter) of
+ silica suspensions prepared by
Jackson., They have no direct
;o » relationship to the intensity of .
. light scattered at 90 degrees in
a nephelometer. .
For a few y‘ea.r.s, results of -
. nephelometric measurements
. using specified Formazin,
standards were reported directly
. as Turbidity Units(TU's).

3 Currently, the unit used is named
accordmg to the instrument used for
v measuring.turbidity. Specified
Formazin, standards are used to
calibrate, the instrument and results
are repor_ted as Nephelometric
Turbidity Units (NTUs).

o 3

LI ]

TURBIDITY MEASUREMENTS FOR
PROCESS CONTROL

P

-t

.
-

discussed above for nephelometric
instruments is the required method for

. measumning turbidity for compliance
purpeses. Turbidity data is also widely
used to check water for process ‘design
purposes and to monitor water for process
control purposes, ~The nature of the
liquids to'be monitored, and the degree of

' sensitivity required for signalling the

' , remedy to be applied have led to-the -

N development of monitoring instrumenta-

tion that differs in design or in principle

- from 2 reviously described.

A Us,ers of Control Data

1 Potable Water Treatment Plants

P
2. Municipal Waste'water Tros{:m

V

'3 Industrial Processers

Turbidity ‘ .
. | — — s o -
D Units » ‘ B Applications of Control Data (10, 11)

- ) a To check the effectiveness of

o ’ processes. -

The schematic and design charaeteristics = . .
v a To determine internuttent,qeed N

T -

Plants -

1 Coagulation Processes .

7\.

different coagulants,

" b .To check the effectiveness of
different dosages.

1 <«
¢ To regulate chemical dosages by
autoniating chemical feed controls.

- . . .
2_ ~Settling Processes - :

a To determine intermittent need for
settling processes. .

b To control the sludge blanket.height

. in activated sludge treatment processe/s/ %

¢ ‘To activate removal and re-cyciing of »
very high density sludge from settling
. tanks.

-

d =To mqpitor effectiveness of settling ~

.
4 - -
®

st

Filtration Proces ses

v " ¢

for filtratlon.

b To facilitate high rate ﬁltration N
processes. S

|
Al

¢ To prevenf excessive loadings for -
e filtration systems. T

d To check the efficiency of filtration
systems, ’

V L]
P -4 ’é’o regulate filter backwash operations.

4 Rust in Water pfstribuﬁon Sygstems'

a To'locate sources of contamifiation;
b To monitor infern;littent occﬁrrences.

5 Steam Boiler Operatiohs

, a To detect corrosion products in </
boiler water.



1

Turbidity

s

B . To detect evidences of corrosion
. ' in condensates,

- . 9

. c To 'detérmine the eﬁ:eetiveness of .

corrosion treatment measurgs.

<

C Varieties of Instrumentation

1..Surface Scatter Nephelometers N

In forward - scattering instruments, |

. “the angle of the incident light is
* adjusted to illuminate the gurface
of a smooth flowing liquid at an angle

of about 15 degrees from horizontal, -

rather than beamed through a glass
cell of the liquid as Siescribed for a
nephelometer earlier in this outline.
A photocell is located immediately
above the illuminated area so that

vertically scattered light from ™4,

_turbidity in the sample reaches it.

-

Meter

Toﬂmn

anun 4 NE?HELO%E% [&gfuco Sqoﬂorl

Y

*Variatipns of tﬁ‘q(me
Sinclude s1descatter an

jdoloéy

bacKscatter
‘\‘: ‘e . d\-‘
v g.#‘ R .
~af Advantages,,/‘o S - '
/} n
.1 No glaas sample cells are $
. used, . Attendant problems of’
=" - cleanliness ‘and condensation »
. are elfminated, The surface
of the liguid prqvides amnears :.
: pez‘fe‘ct optical surface which. [,

de signs,

-

f
. I
-

is difficult to-achieve in glass cells,

2 Stray light effects on the photocell,
are minimized because the simpler -

1 .- 9€sign eliminates some of the sources
Lo of stray light. °
‘» :
'

'
. ,\‘
‘“© !

i

" 14 This design is sensitive to the preséngjé
of larger. suspended particles.

3. Since flowing sarnple is used,
interferences from ady bubblés and/

or-floating materials are quxckly
eliminated, '

i
b | Disadvantage

:As turbidity becomes‘ high, penetration
1of incident light decreases to cause a
:falling off of response,

+

| s ( v
.Absorption Spectrophotometry 2 T
R %

. b )

" The ingident light is beaméd through
gmooth, flat stream of sample and the * .
transmitted light (in contrast to °
nephelometric scattered light) is measured
by a spectrophotometers A schematic

- is shown in Figure 5. '

4 '
[ . N

1 >
/ Turbidity Particles Absorb Light
[ ]
L

.
v: .
» -
v K . ‘

oA -
J . owino PR ] '
Water Photocelis} Metei i

‘f, Figure 5 Ks;oapnorx SPECTROPHOTOMETRY ’

y i ”. : . . /
a Advantag‘es . .
Y ¥ B}

Lens

Hi

——

1 ‘No glass sample cells are.used

ﬁ / The simpler design eli.!mna:teé: o e
‘> gources of) stray light.

*3 .Appli‘gable to measure high
s ©  turbidities, e.g.,.in sludges.

‘b * Drsadvantage - :
v
‘1 Iiow sensitivity for many applications.
A
I A
. ‘2 Color~constituents interfere,
- - »”

B
{ X
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VI SUMMARY"

. 'I‘urb1dity measurements represent the
optical property of light scattering by
suspended solids, NTUs are an index
of the effects of the size, etc., of
suspended particles but cannot be used
to indicate mg/L quantiti€s of those e/
particles; The parameter is requiréd
fof finishe table watersand 4s extreme-

/ly useful-in réference to aesthetic qudlity
(clarity), photic conditions q.nd thermal

. effeqts in bodies of water." It ig also

. widely applied for process control of *
water and wastewater tréatment and
of industrial processes. ; ) :

There have been difficulties in d’evyetlgpgxg‘
a satisfactory standard method fo .
measurement. Earl}\* methods depended
on a subjective judgement of an extinction
point where transmitted light balanced
scattered light in rather crude apparatus. ~
Although the apparatus was refined and ,
standardized to a large extent, the 1
subjectivity of these visual methods was .~  ~
- still an unsat1sfa<:tory element of su.ch
methodology.

e

-~ , €
/ . o - oo
. - 1< .
N Eventually, optical instrumentation was = . 2
loped to eliminate subjectivity -
the measurement, Nephelometry
d U.-'S. EPA has specified’
strument design-criteria to.

" further pro}n\ote standardlzatmn of the . 3

easurement. ”;g . ,
. :‘inkrg a sumtable {(reproducible) | /
standard suspension has also been a
problem, , Curréntly, Formazin is
spec1f1ed”§s the standard because, to )
date, it is more reproducible than ., =~ 4,
othgr suspensﬂms proVed to be. ) .
Establishing a meanmgful unit progressed ’
a.long with development of .i.nstrumenta-
““tion-and agreement on a gtandard ’
suspension. - The current unit (NTU) is
derived from the method of measurement; 6
neph‘:“lh(atry, and use of a standard_ "
Formazin‘suspension, =
VN 14
« Even with the efforts to sj:%;}dardize

LAY e
+
.

.REFEFiE_NCE,S BT

B ’
instrurhent design, to find a suitable
standard suspension,~and to agree
on a meaningful unit, there aré still
problemg about this measurement.
[nstruments meeting the’ design |
criter1a and standardized with -
Formazin suspensions-can gi\;y
. turbidity readings differing
sigmfica.r}’tiy for the same samp]:e.

Angther problem area is-agsociatéd: .
with sample dilutions. Work has_
indicated a progressive‘error-on .
sample turbidities in excess of 4
so such. samples are to be dilute
However, obtaining g dilution exactly
repre gentative of the or1g1na1 Yo
suspénsion is difficult to achieve,

Thus dilutions often significahtly fail
to give linearly decreased” results
when re-measured, .

units,

3

APHA, AWWA, WPCF, Standard Methods

for the Exami.nation of Water and-

Wastewater, 14th ed., APHA;
- 1976, . :

-

' National Academy of Sciences,. Natio

Academy of Engineering, 1974 EPA
revision of Water Quahty Criteria,
1972, EPA, GPO, Washington, D ‘!“
20402, # 5501:00520. .

P

U. 8. Government,~Code of Federal
Regulaztions. Title 40, Chapter-1,
Part 141 - National Interim Primary
. Drinking Water Regulations, published
in the Federal Register, Vol 40, No. 248,
Wednesday. December 24, 1975 '

Hellige, Inc., .Graphs and Directions for
Hellige Turbidimeter, Garden City,
NY, Technical Information #8000,

Lind, O.T., Handbo t of Common
1

"Vlethods in Limno , Mosby, 1974,

‘U. S. Governm , ‘Code of Federal -
Regulations, Title 40, Chapter 1,
Part 136 - Guidelings Establishing *
Tegt Procedures for the Analys1s of
Pollutants, published in. the Federal
Regilter, Vol 41, No. 232, Wednesday.
December 1, 1976
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dre additional examples (9/'77) of models
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(1)

I REAGENTS

‘A Turbidity - free water - Pass distilled

water through a 0.45 um pore size
membrane filter if such filtered water
shows a lower turbidity than the original
distilled water.

B Stock Turt.n'.dity Suspension = 400 units

1 .

Fl

1

~

2

Larger volumes may be required.

Solution, 1: Dissolve 1, 00g hydrazine
sulfate, (NH2)2° HZSO4. in turbidity

free water and dilute to 100ml in a
volumetric flask, .

Solution 2: Dissolve 10, 00g .
hexamethylenetetramine in,turbidity-
free water and dilute to 100ml in a
volumetric flask. . '
Suspension: Mix 5.0g) Solution 1
with 5. 0ml Solution 2 in a 100 ml
volumetric. flask. Allow to stand for

" 24 hours at 25 + 3°C. Dilute to the
mark and mix. - °

Stabihty Prepare a new stock
suspensmn each month.

C Standard Turbidity Sussension - 40 units

Diluge 10,00l stock turbidity
suspension to 100ml with turbidity - .

‘free water in a 100 ml volumetric flask,

. The furbidity is defined.as 40 units.

Stability: Prepare a new standard
suspenémn*each week, -

»

units

D Dilute Standard Turbidity- Suspension -
q

4

1

“HTURB, lab. 1n.ao <

Dilute 1, 0 ml stock turbidity )

= suspension to 100 ml with turbidity-
* free water in a 100 ml volumetric

ﬂa\sk. The turbidity should bg 4 units,

.
LTI ?

.
PR

-

Direc’aons are for preparing 100,0 ml,

CALIBRATION AND USE OF A TURBIDIMETER (NEPHELOMETER) .

2 Stability: Pfepare a new standard’

«

suspension each week.

}3 Secéndary Standards

"1 Solutions standardized with Formazin
can be purchased from thé ma.nufactux:er

of the instrument -
Date such golutions.
conditions specified. Discard and -
replace when flocculationin the °

solution is observed oy’ when it fails
a periodic check v?h

I/’

Store under the

II PREPARATIONS E(jR MEASUREMENTS

A SuSpenSi?
1 Checkdate of preparation and pre=-

-

pare fresh solutions if required.

!

P

5y _ )
B Sample Cell .

1

At

C Instrument

Cells should be cleaned iérlx‘mediatelly

after use as descé¢ribed in V, B, below,

¥ .

Inspect cells for cléa.nlineés. If -

a Formazin Standard.
{2)(3)

’

*

necessary, clean them using. V. B. below.

it .
Check cells for scratehes:and etching.
Discard those with iniperfections.

~

. -

- 1 Scale - If a scale is inserted, check

that it is in the correct position. If
the scale is blank, c¢onstruct a®
calibration scale for ea’ch range on

«the instrument. (See III B).

2 Zero ~ Ad]ust meter needle to zero

3 Lens,- Check for cleanness.
*"follow manufacturer's instructmns for

removing and cleaning the lens.
Accurate re“positibning of the lens is
critical for ac¢curate measurements.

point on scale as directed by manufactuer.

If required,

!

) lé-;lﬁ -/




Calibration and Use of, a Turbidimefer (Nephelometer)

)

L34

4 Warm~Up Period - ;Z;w 11l * INSTRUMENT CALIBRATION AND

manufactyrer's instructions. (1)
Continuous running is often suggested

because of the photomultiplier tubes.

MEASUREMENTS

Pre-Calibrated-Scale

5 Focus - Use template or method
described by manufacturer to check
and, if necessary, set the focus.

1" Each week, prepare at least one " °
standard for the required instrument
rahge (s) (as determined in II. D. above)

: - by diluting one of the’ Formazm
D Determ&ne Range of Sample Turbidity ) suspensions described ahove in I, Reagent
b The table below gives "EXAMPLE

1 Use steps 5 throg,gh 16 in III A below . "o,
' EXCEPT Step '12 which should be: DILU’_P}ON'S' '
Obtain a turbidity reading from the__
_scale, - . 2 Set the instrument RANGE knob at ™ .
) the first range to be tested. (The .

2 Note which Range (instrument scale)
best '"brackets'’ the turbidity of each
sample.

instrument should be ON, warmed up,
+. zeroed, etc., as in H C above).

3 Make any instrument adjustment specified

3 If the'turbidi f a sampl d .
If the turbidity of a sample exceeds . by the manufacturer to use this RANGE. .

40 units, use the higher scales pro- l
vided to determine the dilution required

so the final reading will be below

40 units.. For final measurements, use

the Range (Scale) appropriate for'the 5
diluted sample. =

4 Rinse the SAMPLE CELL 2 times with
the appropriatesuspension (or sample)._

Shake the suspension to thoroughly
disperse the solids. (For secondary

standards, check the manufacturer's

. instructions for this step),
EXAMPLE DIiLUTIONS
EXAMPLE » . . T , .
INSTRUMENT - TURBIDITY - | FINAL FINAL ' o
NO.| RANGES " | VOLUME | STANDARD DILUTION TURBIDITY .
v jo-0.1 ~ 2.5ml - | 4unit - 100.0 ml 0.1 :
2 o-o/zf ,5.0 ml 4 unit = [ 100.0m | 0.2, )
3. Vo.s 7.5 ml 4 unit .| 100.0 ml 0.3 - . _ -
- e fo-1 2.5 ml 40 upit 100.0 ml 1 -1
- ¥5 Jo0-3 7.5 ml 40 unit 100.0 ml . 3 . ‘
/ 6 |0-10 25.0 ml - | 40 unit 100, 0. ml 10 ‘
T To-30_ | 7.5m1 | 400 unit 100.0ml | 30 ‘ ©
8 ]0-100 § 25.ml 400 unit 100.0 ml © 100 ' ' , . i
Y9 | o-300 75 ml - | 400 unit — [ 100.0m 300 _ ‘
po [0-4000 - [ 100ml | 400unit ~ [ 100.0 mI' 400 , . i
Ji1. ] 0 - 1000 - 100 ml 200 unit 1000 ml 400 ' ’ ' ,

Lol
<
.
e
<
B B
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Calibration and Use-of-a-Turbidimeter (Nephelometer)-—

6 Wait until air bubbles disappear in

10

: \ o

11

13

the suspension..

Pour the suspension into the

SAMPLE CELL up to the level
specified by. the manufacturer. .
CAUTION: Always hold the cell .
above the area from which light

" scattering is measured.
’ [ 4

If applicable, screw cap on cell:

Wfpe the outside of the cell with a
lint-free tissue. ‘
Examine the suspension'in the cell

to check for air bubbles. If air
bubbles are present, eliminate

‘them:

a by ingerting the cell (3) in the sample
holder and waiting a few minutes

' 80 bubbles rise above photo-
multiplier tube. CAUTION: More
bubbles cin form if a temperature
rise occurs.

b by holding the cell at the to;; and:

1 flicking side with your finger or

2 dipping the end of the cell into an -

ultrasonic cleaning bath or
¢

3 " centrifuging the filled cell in =
*  cups with rubber cushions and-
surrounded with water.

4 NOTE: After any of thes
reémedies, again wipe th
outside of the cell, ién air
bubbles are gone, insert tl'tg)
cell in the sample hglder.

Place the LIGHT SHIELD according to
the manufacturer!s ingtruction,

obtain a meter rea g corresponding

fo the turbidity of/the standard
“suspension,

Remove the

. 168

14
15

16

17

. Remove the SAMPLE CELL.

Discard the standard suspension.

Rinse SAMPLE CELL 2 times with -
turbidity - free water.

Use Steps 4 through 11 for each
sample (or diluted samme) to be
tested in this rangé.. For samples,
step 12 should be : Récord the
turbidity reading for the sample.
Then do Steps 13 through 16 as
above. .
NOTE: The final reading. for samples
should not exceed 40 NTT, - If this
reading is exceeded for a sample,
dilute it and repeat the calibration/
measurement procedure above using
the appropriate range and standard.
(Selectidn of the range as described
in II. D. above should make this
unnecessary at this stage of the
procedure).

f

B Non=-Calibrated Scale

Prepare a gseries of standards and
make a calibration scale fo¥ each
range of the instrument.

a The instrument should be ON,
warmed up, zeroed, etec., as
in II C above.

Prepare enough standards to
.give several points on each
scdle so estimated readings can
e rea\sonably accurate.

c_Use the table of EXAMPLE
- DILUTIONS in III A above to
prepare the highest standard
for each instrument range,
The rest of each calibrating
series can also be prepared
by dilutions based on the in-
formation in the table. .,
’ - S
Self-prepared scales should also
be calibrated each day using the !
procedure given in IiI A above for
pre-calibrated§cales.

..

L)
L
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) — —calibration‘and Useof a Turbidimeter (Nephelometer)

&

3. Self-prepared scales are used for
samples in the manner described in
- 11 A above for pre-calibrated scales.

-

vy .°

IV””CALC ULATIONI RESULTS , .

A

Diluted Sa.mples

Multiply final sample readings by the
appropriate dilution factor,

B, Reporting Results

Report results as follows:

NTU Report to Nearést:
0.0~ 1.0 * 0,05
1-10 0.1
10 - 40 t . 1
40 - 100 ' 5 .
1o.o <400 - 10
400 - .1ooo 50 )
" > 1000 100 )

C Precisi8i and Accuracy

1 In a single laboratory (MDQARL),
using surface water samples at
levels of 26, 41, 75 and 180 NTU,
the standard deviations were + 0, 60,
+0.94, + 1,2 and + 4, 7 units,
respectively. °

2 Accuracy data is not available at this

" time.

A

Vv STORAGE ’ .

A Standard Suspensions

- ¥ v

'1 Store in glass containers at room

temperature. -

2. Excess light-or heat may affect
stability. et

B

B
[
Pl
e
C
4
159

.

3 Observe stability times noted for
" each inl, above.

-~

Sample Cells

1 Discard cellé with scratches or
etching,

2 Clean cells 1m"ned1ate1y after l(l‘f)
with this order of treatments:

a detergent

b organic solvents, if required
¢ ~ déionized water -

d alcohol or acetone rinses to
dry

»

e lint-free tissue, if required

4

3 Store in a manner to protect the
cells frgm scratches. i

Instrument

1 A line operated instrument should
bé permanently located so moving
/it often is not necessary.

% Turbidimeters should be protected

from dust, especially the lens system.

3 Store any removable parts as =~
directed by manu.fhcturer.
4 Close any access doors./

2%
5 ‘Because.df the photomultiplier tubes, ~
the manufacturer may suggest con=
tinuous running of the instrument to -
insure maximum accuracy for mea=-’
‘surements., Frequency of use can

f ol

. determine the actual routine for warms=up

time.

6 Follow any other storage directions
in thre manufacturer's manual.

~
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5 The orientation of the sample cell should
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be identical each time it is placed in
the instrument, Mark the/ cell and
instrument to ensure that the cell is _
oriented consistently. Use the same
cell throughout the procedure.
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' CHEMICAL OXYGEN DEMAND AND COD/BOD RELATIONSHIPS

I DEFINITION v

C The concept of the COD is almost as old .

P

The Chemical Oxygen Demand (COD) test
is a measure 'of the oxygen equivalent of
that portion of the organic matter inh a
sample that is susceptible to oxidation
under specific conditions of oxidizing

. agent, temperature and time

B A variety of terms have been and are used
for the test described here as COD:

1 Oxygen absorbed (OA) primarily in
British practice.

2 Oxygen constimed (OC) preferred by
some, but unpopular.

Chemical oxygen demand (COD) current
preference,

4 Complete oxygerr demand (COD)
misnomer,
, .
5 Dichromate oxygen demand (DOC)
__earlier distinction of the current pre-~
ference for COD by d1chromate or a
specified analysis such ds Standard
Methods. .

6 .Others have been and are being used.
Since 1960, terms have been generally
agreed upon within most professional

! groups as indicated in I-A and B-3 and
the explanation in B-5.

as the BOD, Many oxidants and varia-~
.tions in procedure have been propoged,
.but none have been completely
satisfactory. M b‘% .
1 - Ceric sulfate has been investigated,

+ butin general it is nota str g -
©  oxidant. . AN ’

S .
o>

¢

2 Potassium permanganate was one of
the earliest oxidants proposed and
until recently appeared in Standard
Methods (9th ed: ) ‘as a standard pro-
cedure, It is currently used in "
British practice ag a 4-hr. test at
room temperature,

a The results obtained with perman-
ganate were dependent upon concen-
tration of reagent, time of oxidation,
temperature, ete., so that results
were not reproducible,

3 Potassium iodate or iodic acid 1s an
excellent‘oxidant but methods employing
this reaction are time-consuming and
require a very close control.,

«-

4 A number of investigators have used

potassium dichromate under a variety
of conditions. The method proposed-*
by Moore at SEC is the basis of the

standard procedure. Statistical

comparisons with other methods are.

described.

'Y

6 €urrent development sh

5 Effective determination of elemental
carbon in wastewater was sought by
Buswell as a water quality criteria.

a Van Slyke“” described a carbon

\Setermination based on‘/anhydrous
mples and mixed oxidizing agents

including sulfuric, chromic, iodic
and phosphoric acids to obtain a
yield comparable to the theoretical
on a wide spectrum of components,

b Van Hall, et al,, (5) used a heated
combustion tube with infrared

L2

detection to determine carbon quickly °

and effectively by wet sample
injection.

s a tyerd to

fmmirumental methods automating

.
)

Ea
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Chemical Oxygen Demand and COD/BOD. Relationships

conventional‘procedur'es or to seek
elemental or more specifm grdup
determination.

3y
B
»

s
ki
<

I RELATIONSHIP OF THE COD ¥EST WITH

OTHER OXIDATION CRITERIA IS ' .
INDICATED IN TABLE L.’

A Table1l R © ’ . -
Test Reaction Oxidation . .
‘ Test Temp. °C time™” system . . Variables
S :
) BOD 20 days Biol, prod, Compound, environ-
. - Enz.' Oxidn. ment, biota,’ time,
! numbers, . Metabolic
acceptability, etc. *
cop’ 145 2 hrs, .50% H2SO0, Susceptibility of
. ' K9CrgaOy the test sample to
¢ May be cata-} the specified
lyzed oxidation
mop | 20 15! Diss. oxyg. Includes materials
¥ o rapidly oxidized by
3 d1re§t action, ,
» - , SH.
= ’ =\
& Van Slyke 400+ 1 hr., PO Exellent approach
€arbondetnij——m ~—4-— ——— - g ----to-theoretical-oxi-- -
. ‘ G/ dation for most
- . S B Cr207 compounds (N-nil)
' - Anhydrous . .
Carbonby 950 . minutes Oxygen atm. { Comparable to
i « combustion . . . catalyzed theoretical for
HR ‘. | carbon only.
Chlorine 20 20 min, HOCI soln, Good NH3 oxidn. .
Demand : Variable for other
compounds,
= : - —
—

*

B From Table 1 it is apparent that axidation
is the only common item of*this series of .
gseparate tests.

the o:sldmablhty of a given sample
under specified conditions, which are
different for each test. - Fes
1 Any relationshaps among COD & BOD 2 If the sample is prirarily composed

or any other tests are fortuitous be- _ of compounds that are-oxidized by
cause the tests measure the , both prooedures (BOD and COD) a

s . - relationship may be established. ,

172 . -




a.  The COD procedure may be sub-
stituted (with proper qualifications)
for BOD or the COD may be used
.as an indication of the dilution
required for setting up BOD
analysis.

b If the sample is characterized by a
predominance of material that can
be chemically, but not biochemi-
cally oxidized, the COD will be .
greater than the BOD. Textile
wastes, paper mill wastes, and
other wastes containing high con-

.centrations of cellulose have a
high COD, low BOD.

¢ If the situation in item b is reversed
the BOD will be higher than the
COD. Distillery wastes or refinery
wastes may have‘a high BOD, low
COD, unless catalyzed by silver
sulfate, '

d Any relationship established as in
2a will change in regponse to °*
sample history and environment,

+ The BOD tends to decrease more
rapidly than the COD. Biological
cell mass or detritus produced by
biological action has a low BOD

but-a-relatively-high-COD—The——- § T

¥

COD/BOD ratio tends to increase
with time, treatment, or conditions
favoring stabilization.,

ADVANTAGES AND LIMITATIONS OF
THE COD.TEST{2) AS RELATED TO BOD

A Advantages ‘ .

1 Time, fnanipulation, and equipment

costs are lowér for the COD test.

COD oxidation conditio\ns are effective
for a wider spectrum of chemical
compounds, '

COD test conditions can be standardized
more readily to give more precise

. results. L.

+

B ! Chemical Oxygen Demand and COD/BOD Relationships

-

®
)

" COD results are available while the

waste is in the plant, not several
dayﬂater, hence, plant control is
facilitate,d.

COD results are useful to-indicate
downstream damage potential in the
form of sludge deposition.

The COD result plus the oxygen equiva-
fent for ammonia and organic nitrogen
is a—good estimate of the ultimate BOD
for many municipal wastewaters. >

B Limitations

1

g :

Resits are not applicable for estimating
.BOD except as a result of experimental

évidence by both methods on a given
sample type.

Certai’n'compoungis are not susceptible
to oxidation under COD conditions or
are too volatile to remain in the oxida-
tion 1_'1ask long enough to be oxidized.

Ammonia, aromatic hydrocarbons,
saturated hydrocarbons, pyridine, and
toluene are examples of materials with
a low analytical response in the COD
test. -

»

Dichromate in hot 50% sulfuric.acid °

_ requires close control to maintain

safety during manipulation.,

Oxidation c;f chioride to chlorine is not
closely related to BOD but may affect
COD results.

It is not-advisable to expect precise
COD results on saline water.

IV BACKGROUND OF THE STANDARD
METHOD,S COD PROCEDURE

A The C Dprocedure( 1

»

considered ‘dichro-

mate oxidation in 33 and 50 percent sul-
furic acid. Results indicated preference
of the 50 percent acid concentration-for

, oxidation of sample components.

This is |,

the basis for the present standard

procedure.

.

173

7

19-3

)




. Chemical Oxygen Demand and COD/BOD Relationships -

)
B Muers(® suggested addilon of silver 4000 mg/L The.error in chloride
sulfdte to catalyze oxidation of certain determination may give negative COB
. low molecular weight aliphatic acids and, results upon application of the correction.
alcohols. The catalyst also improves - Incomplete qontrol of chloride oxidation
oxidation of most other organic components with ﬁpgso4 hy glve equally confusing
to some extent but does not make 'the COD results. .
test universally applicable for all chemical o .
pollutants. HgSO,4 appears to give precise results
' for €0OD when chlorides do not exceed
C The unmodified €OD test result (A) includes ‘ about 2000 mg/L Interference in-
oxidation of chloride to chlorine, Each mg 7  creases with increasing chlorides at
‘of chloride will have a COD equivalent of _ higher levels. -

0.23 mg. Chlorides must be determined L .. -
in the sample and the COD result corrected F The 12th edition of Standard Methods re- *

accordingly. ducec&/ the amount.of sample and reagents
to 40% of amounts utilized in previous -~
1 For example, if a sample shows 300 |
mg of COD per liter and 200 mg Cl- - editions. There has-been no change in

the relative proportions in the test. 'This

per liter the corrected COD result will step was taken to reduce the cost of pro-
be 300 -(200 x 0.23)or 300 - 46 = 254 viding expensive mercury and silver sul- °
mg COD/L on a chlortde corrected basis fates required. Resulis are comparable

oo as long ag the proportions are identical.

. 2 Silver sulfate addition as a catalyst Smaller aliquots of sample and reagents |
tends to cause partial precipitation of -require more care during manipulation '
silver chloride_even in the hot acidisolu- to promote precidion. .
tion. Chloride corrections are quies- 7/ . . - R
tionable unless the chloride is oxidized G The EPA Methods for COD -
before addition of silver sulfate, i.‘,e., . ’ -
reflux for 15 minutes for chloride ox-, 1 For.routine fevel COD (samples having *
idation, add Ag,SO,, and continue the . an organic carbon concentration.
reflwx or use, o? Hggo (D). _ : - greater than 50 mg/liter and a chloridé

) " .. ., . concentration less than 2000 mg/liter),
D Dobbs and Williams ( ) proposed prior ) T ?;ﬁr? asta iproce-cclluxie ex;ti:"ded,
complexation of chlorides with HgSO4 to metric, mid-level .
—————prevent—chloride-oxid ~during the-test, < .
A ratio of about 10 of Hg" ™ to 1 of C;" (wt. | 2¢ For low level COD (samples with less
basis) ‘appears essential. The C1” must than 50 mg/liter organic carbon and

be complexed in acid solution before addi- -

4 sil 1at , chloride concentration less than 2000
_tion of dichromate and silver sulfate. .. . mg/liter), EPA provides an analytical

! procedure 9). \The difference from

. 1 For une lained reasons the HgSO S . S > om .
complex?tion does not completgly 4‘" e the roptine procedure primarily in= .
prevent chloride oxidation in the ., ! volves,a greater sample volume and
presence of high chloride concentraﬁons > mote dilute solutions. of dichromate

. ’ ” and ferrous ammonjum sulfate. N
2 Factors have been developed to provide PR B . .

some estimate of error in the result 3 For saline samples (chloride Jevel
due to incomplete control of chloride - . P
begaw.or Tgese tend to vary with the C/Y exceeds 1000 mg/liter), ? PA provides

sample and technique emplo ed . an analytical prdcedure jinvolving
P d mp y .a SO0% preparatien of a standard curVe of COD
¥ E It is not likely that €OD results will be v versud mg/liter chloridesto cerrect
'precise for; aamples containing high .*» ° the calgulations. . Volumés and concen- .
= gill%g;idegéc ;. S/za water °°“t§:i“:i 18 00 to . tvations.for the sample, and'{reagents
m normally oot t detefmination
chloride correcfion for COD el da / . are adjusted for:hts YPg of determina
R . :( p . ) . \’ . I "
] ’ : . * : i = . . .
’ . ! . R . -~ T’ ) F/

.
.
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V  PRECISION AND ACCURACY®Y

Eighty six analysts in 58 laboratories
analyzed a distilled water solution contain-
ing oxidizable organic material equivalent
to 270 mg/L.COD. The standard deviation
was t 17, 76 mg/L COD with an accuracy
as percent relative error (bias) of —4. 7% .
For a solution equivalent to 12, 3 mg/L
COD (low level), the standard deviation
was ¥ 4,15 mg/L with an accuracy as percent
" relative error (bias) of 0. 3%. .(EPA- Method
~ Research Study 3)

LY

* REMARKS PERTINENT TO BFFECTIVE
COD DETERMINATIONS INCLUDE:

. VI
’ «
A ' Sample size and COL limits for 01 250N
reagents are approximately as given. .
) For 0.025 N reagents multiply COD by
) 0.1, Use the weak reagent for ,COD's
in the range of 5-50 mg/L, (low level),

‘Sample Size® . “mg CQD/liter
\ .

. 20ml ‘' ’ 2000 ,
, 10m = 4000
. 5rm1 L 8000 ]

B Most organic materials oxidize rela-
' tively rapidly under COD test condi-

- Chemical Oxygen Demand and COD/BOé Relationships

»

VII

1  Keep the apparatus assembléd o
when not, in use. A ZR

Plug the condenser breathe titbe
. with gIass wool to minimze' dust
‘ entrance. " 8

<
'\'l -

Wipe the upper part of ’?fe flask
and lower part of the condenser
with a wet tdwel before disassembly
to minimizé sample contamination.
“Steam out the condenser after use
« 1 . for high concentration samples and
periodically for regular samples,
" Use the regular blank reagent .mi{

"and heat, without. use‘of condense
5 v “water, to clean the appa_ratus of
residual oxidiZable components.
. s
. Distilled water and sulfuric acid

. must-be of very high quality to -
,maintain low blanks on the refluxed
samples for the 0.025 N ox1dant

-

. o

NPDES METHODOLOGY T

Under the National Po}lutant'Diecharge
Elimination Syste accepted method
can be found in Standard Methods, ASTM, '
and the EPA manual, See the current nd

tions.—Asignificant—fraction—-of
oxidation occurs during the heating upon
addition of acid but the orange color of
dichromate shouldremain, Ifsthe .
sample color changes from orange to
green‘after acid addition the sample was
too large, Discard without reflux and
depeat with a smaller aliquot.until the
color affer mixing does not go be¥ond
a brownish hue. The dichromate color
, change is less rapid with sample com-’
> . ponents that are slowly oxidized under
.COD reaction conditiong.

"

. °

* Chloride cpncentratlons should be known
for all test samples 80 approprinue
analyticat tenhr_u.ques can be used,

oow

Fon " M
Spegial precautions advisable for tlie
.r:ﬁm_cop procdure and esSential
when using 0.025 Nyreagents include:
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N . ‘ . LABORATORY PROCEDURE FOR RQUTINE - ..
i . ' LEVEL CHEMICAL OXYGEN DE D N
I REAGENTS , | L . denfler and fiask with distilled water. In order
. o to prevent contamination from air-borne particles,
A Standard Potassium Dichromate (0.250 N): re-tassemble -the apparatus. The top of tige con-
denser should be lightly plugged with glass wool -
Dissolve 12, 259 g of primary sta.ndard grade during gtorage and use. . -
K Cr O which has been dried at 303° C .
' for tWo gours, in distilled water and dilute )
to one hter. . . 2 III- STANDARDIZATION ° OF FERROUS -
. s , AMMONIUM SULFATE 7 ‘
B Ferrous Ammonium Sulfate (0. 1N): . . .
: = A" Measure 10,0 ml of the standard potassium
Dissolve 39 gof Fe(NH Lz;(SO ) SH 0 in . dichromate sol. into a 500 ml, wide mouth
. distilled water, . ‘Erlenmeyer flask, ‘
Carefully add 20 ml of concentrated HZSO R , ! -
, Cool and dilute to one liter. & ‘B Add about 90 ml distilled water and mjx.
C Ferroin Indicator: - . . € Add 30 ml of concentrated H,S0, and cool
¢ . LT . 3 ' the mixture to room temperdture,
Dissolve 1,485 g 1, {0-phenanthroline
monohydrate and 0,695 g FeSO" 7H,Oin D Add 2- 3 drops of ferroin indicator and titrate
water and dilute to 100 ml. This indica-’ to a reddish-brown end point with the ferrous
tor may be purchased aLready prepared. e ammonium sulfate sol..
D Concentrated Sulfumc Acid (36 N) E Calculate the normality, N, of the ferrous
s ) : ammonium sulfate sol. :
E Mercuric Sulfate; .'Analy'tical Grade ‘ ‘e
. N of Fe(NH,);, (SO,),, = e )
VF Silvgr Sulfate: Analytical X}rade , ‘ ’ o "
G- Concentrated Sulfuric Acid Silver Sulfate: ml K Cr O x N of K201‘207
. ml Ft_E(NH4)2(SO4)2 '
-D).SSO].VG 22 g of silv.er sulfate ina 91b ’ ,
.-bottle .of concentrated sulfuric acid, (4-5 : ) . )
F
. +hours, with stirring, t:or dissolution) v~ prOCEDURE V)
. a' 3 > s ‘ .- -
- [ . € o
i MEN ; A Pipet 20 ml of sample (or pipet a smaller
EQUIP T P'REPARATION ‘‘‘‘‘ portion of sample and add enough distilled ° @
*  Before use,. &he Erlennieyer ﬂask {600 ml T :ﬁtgi /tfdgslg:d;fiot;nl e:o}i:t;rlr;el)mi:tzra f?ggk p
24/40<standard taper joint) and reflux condenser p &y —

° (300 mm jacket'Liebig, West or equivalent) ) T
with.24/40 standapd taper joint, should be ‘B AddO.4¢g merf“ric aéfate- o
steamed out to remove trace organic contami- : 2 7

. nants, Add 10 ml of 0.250 N K,Cr,0,. "s0m1 ~ C Add6-10 boiling chips. - m,
.| of distilled water, and several o g stones D Slowly add 3 ml of concentrated sulfuric
* to the flask, Carefiilly add 20 ml of concen-
‘ acid and swirl to dissolve the mercuric
‘ trated H SO and mix thoroughly, Connect . .

é . sulfate. (Some solid may remain) Cool .
the !lask an condenser, but do not turn on while mixin . % “
the water %6 the condenser. Boil the mixture & g. .t . o '
‘ so-that steam emerges from the top of the con- 2

. . -denser for gseveral minutes. Cool the mixtu